Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



tlGlN LIB 



QB 'A 790,280 

5196 TjsujiouitY DEPAJSTMBNT 

H 5 ^"- ■*•>■ 

P9 4- 



OFFICE OF THE COAST AND OEODETIC SDEVET 

-W. W. DUFFIELD 

SUPBRINTBNDKST 



GEODESY Pc?iA. 

Determinations of Latitude, Gravity, and 
the Magnetic Elements 

STATIONS IN THE HAWAIIAN ISLANDS, 

A Result for the Mean Density of the Earth 
1891, 189a 



By E, D, FKEBTON, ./Assistant 



APPENDIX No. 12— REPORT FOR 1893 




WA8HIKGT0N 

OOVEEHMBMT PEINTIMO OPFIOB 
1894 




[mnes^ 

ARTES SCIENTIA VERITAS 



./Google 



■/Google 



■/Google 



TEEASUKt DEPAETMEHT 

OrtlCE or THE COAST AND GEODETIC SOliVEY 

Vi. W. DUFFIELD 



Determinations of Latitude, Gravity, and 
the Magnetic Elements 

STATIONS IN THE HAWAIIAN ISLANDS 



A Result for the Mean Density of the Earth 

iHiii, iHiia 



T3y E. T>. I'JJKH-rON-, ^>?sieta 



APPENDIX No 12— REPORT FOR 1893 




WASHINGTON 
GOVERNMENT PRINTING OPFIOH 



■/Google 



^.3 



■/Google 



GEODESY. 



DETERMINATIONS OF LATITUDE, GRAVITY, AND THE MAG 

NETIC ELEMENTS AT STATIONS IN THE HAWAIIAN 

ISLANDS, INCLUDING A RESULT FOR THE 

MEAN DENSITY OF THE EARTH. 

1891, 1892. 



APPENDIX No. 12~REP0RT FOR 1893. 



■/Google 



■/Google 



tablp: or contents. 



Introductory statement 513 

Preliminary unii coucluding observations at Washington 514 

Sclieme for tlio publication of the gravity work at all of the stations olfi 

Gravity observationB at Waikiki 524 

Clock rates and iiistniniental constants lit Waikiki TiSG 

Pendulum observations and reductions at Waikiki 534 

High and low water at Ho ncln In from June 17, 1891, to Junii 30, 18!)2 565 

Relative lieights of mean sea level at Honolulu from June, 1891, to June, 1892. 574 
Magnetic, gravity, and latitude observations in connection wi tb the expedi- 
tion to the snmmit of Mauna Kea and at some subnequeut stations 576 

DeBOriptiou of magnetic instruments 576 

Magnetic ubeervations at Waikiki, with sketcb of inagnetio station 579 

Magnetic observations at Kahukn, Oahn, witli skotcli of station 580 

ObKervations lit Honolulu for gravity, with deacription of station 583 

Magnetic observations at Honolulu, witli sketch of station 586 

Kawaibau, with ekotcli showing location of stations with reference U> tlie 

shore line 587 

Sketch showing location of stations occupied at Kawaihae with reference to 

South Base - 5S8 

Plan of Hoiau of Puu Koliolii at Kawaihae - 589 

Results of latitude observatiuiiB at Kawaihae 594 

Mauna Koa, as seen from Waimea 592 

Wftimea, with sketch of magnetic station 595 

Illustration showing localities where lava specimens were obtained 5Dfi 

Mauna Kea, as seen from Kalaieha - 596 

Kalaieha, with sketcli showing geodetic position of latitude station 595 

WaiauLaka, near summit of Manna Kea 601 

Waiau _ _ ffll 

Summit plateau of Mauna Kea 602 

View from Kn-ka-hau-ula, tint snnmiit of Mauna Kua, lookini; southwest 

Geodetic and astronomical positions of the three stations on Hawaii 

From Waian to Hilo 607 

Hilo, station on Cocoanut Island, with sketch 608 

Kealakekua 

Napoopoo, Hawaii - 609 

Kealakoakua Bay, looking northwest 

Lahaina, with sketch of station 610 

Waimea "A," with sketch of station 612 

Waimea " B," with sketch of station 613 

Nonopapa _ 614 

Mount Hamilton, Lick Observatory, Califi^nia 615 

Barometric determination of the heights of Waimea, Kalaieha, and Waiau 618 

.\listracts of magnetic results |..(^.,.\.'H^^vJ l^fiM 



5tf 



U. 9. COAST AND GEODETIC SURVEY, 



Localities, geographical positionB, and olevatious of tlio gravity stations 

Snnimary of results for relative and absolute force of gravity 

Tlio density of Mauua Kea, aud the Moan Density of the Earth < 

List of stations oocnpied in tlie Hawaiian Islands, with results obtained 

ILLUSTRATIONS. 

' Gravity, latitude, ami miigiiotio station nt Wainu (froutispiece) 

" Outliuu map of the Hawaiian Islands 

* Half-second pendnlum apparatus. Side view (right) of receiver, (laeli 

apparatus, etc 

Variations of gravity at Wiiilciki _ _ 

Variation of mean sea level at Waikiki __. _ 

Sketch of magnetic station at Waikiki - - 

Sketch of Knhtiku magnetic statLnn _ . 

Stations at Honolulu - 

Kawailuto Bay, Hawaii - . - - . - - . . 

Stations at Kawaihae -. - 

Position of latitude station at Kawaihae 

rlan of Hfiiau of Puu KohoM at Kawiiiliao _ 

•Mauna Kea, as seen from Waimea - 

Waimea magnetic station - 

' Island of Hawaii, roiliieed ftom Government surveys . . .-. 

* Mauna Kea, as seen from Kalaielia 

Geodetic position of Kalaieba latitude stjitioii 

■Waiau Lake, near tLo-Bunimit of Mauna Kea - 

" Summit plateau of Manna Kea 

* View from Ku-ka^hau-ula, tlio summit of Mauna Kea 

Sketch of Mokuola (Cocoannt Island) - -.. 

Kealakekua Bay 

Napoopoo, Hawaii 

" Kcalakeakna Bay, lookiog northwest 

Lahaina. Magnetic station uf 1892 and latitude and gravity station of 1883. 

Wairaea "A," at Kauai - 

Waimea "B" - 

Diagram t() illustrate diacuHsion of tiie density of tiie earth 

* Fioni negatives in archives. 



./Google 



■/Google 




■/Google 



APPENDIX No. 12—1893. 



DETERMINATIONS OF LATITUDE, GRAVITY, AND THE MAGNETIC ELE- 
MENTS AT STATIONS IN THE HAWAIIAN ISLANDS, INCLUDING A RESULT 
FOR THE MEAN DENSITY OP THE EARTH. 1891, 1892. 



A report by E. D. Prbstok, ABSiatant. 
Submitted for publication June 30, 1H9.1. 



"While engaged in astronomical ohservations in the Hawaiian Islands 
in 1891-92, in cooi)6ration with the work of the International Geodetic 
Association, occasion was taken to make a contiunoue study for one 
year of the force of gravity at Waikiki. 

After the work had been completed at this place an expedition was 
undertaken to the summit of Mauna Kea, an extinct crater, having an 
elevation of 13 825 feet. The object of this trip was the determination 
of the force of gravity at the base and summit, from which the density 
of the mountain and the mean density of the earth might be deduced. 
Availing ourselves of the occupation of this unique station, magnetic, 
latitude, and hypsometrical observations were carrietl on, besides 
making a trigonometric and topographic survey of the great plateau 
at an elevation of about 12 600 feet. When tliis was done, some mag- 
netic ob.servations were made at other points of the group, notably at 
Napoopoo, Kealakeakua Bay, on the lee side of Hawaii, where Captain 
Cook made similar observations in 1779, and at Lahaina, Maui, where 
De Freyeinet had an observatory in 1819. For an a<;count of other 
work done in the Hawaiian Islands in 1891->92 the reader is referred to 
Appendix Uo. 12, Ooast and Geodetic Survey Report, 1891 (Transit of 
Mercury); Appendix No. 13, Ooast and Geodetic Survey Report, 1891 
(Preliminary note on the occupation of stations in the Hawaiian 
Islands); Appendix No. 2, Iteport for 1892 (On the variation of latitude 
at Waikiki, near Honolulu, from observations made in connection with 
the International Geodetic Association), and Bulletin No. 28, on the 
Constant of Aberration. 

S. Ex. 19, pt. 2 33 513 
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The following report has to deal with — 
I, Gravity oljHorvatious at Waikiki. 

II. Gravity observations at Houolula, Kawaiha«, Kalaieha, and Waiau (sununit of 
Manna Kea). 

III. Latitude observations at KaTruitiae, Kalaieha, Waian, and Laliaina. 

IV. Mfignetio obaervatioiis at Kaliuku, Waikiki, and Honolulu, un Oahu ; at Kawai- 

hao, Waimea, Kalaieha, Waiau, Hilo, and Napoopoo, on Hawaii ; at Lahnina, 
on Mani; at Waimea, on Kauai, and at Nonopapa, on Niihaii. 
V. Hypsometrioal observations at Honolulu, Hilo, Kawaiiiae, Waimoa, Kalaieha, 
and Waiau. 
The location of these stations is shown in Illnstration No. 23. 
The gravity observations at Waikiki were made in connection with 
the International Geodetic Association work. The subsequent deter- 
minations were carried on with the cooperation of the Hawaiian Gov- 
ernment Survey. The greater part of the expense was borne by this 
Bureau, and the personnel of the party was largely composed of mem- 
bers of the staff. Prof. W. D. Alexander, the accomplished surveyor- 
general of the islands, accompanied the expedition to the island of 
Hawaii and remained with us at all stations except Hilo. Uuring the 
occujiation of the summit of Mauna Kea lie assumed the difficult task 
of making a trigonometrical survey of the plateau. The peaks have 
an altitude of iiearly 14 000 feet and are composed largely of scoria and 
red volcanic sand, which makes the ascent one requiring extraordinary 
endurance. In this work he was assisted by Mr. J. M. Muir, wlio vol- 
untarily siecompauied the expedition without compensation and whoso 
services were of great value. The other members of the party were 
Mr. W. E. Wall, Mr. E. D. Baldwin, and Mr. ^. W. Chamberlain, of the 
Government Survey staff. Mr. Louis Koch performed the duties of 
steward, a service of some difficulty and of great importance to a party 
encamped above the clouds, and Kauwe, an intelligent Kanaka, acted 
as guide both during the ascent and on £he return. In the computa- 
tions I had the help of Mr. C. 0. Yates during the latter part of the 
work. 
PEELIMISART AHD OONCLUDING 0B8EBVATIONS AT WASHIN&TOK. 
Tlie gravity work of 1891-92 was entirely of a differential character. 
The continuous determinations at Waikiki simply required that the 
pendulums should receive no accident during the year of occupation, 
while the observations for the density of Mauna Kea only made it 
necessary to guard against accident between the times of swinging at 
the base and summit of the mountain. It is evident, however, that if 
the periods of oscillation of the three pendulums are determined in 
Washington before leaving on the expedition and again on the return 
an agreement of these two determinations will give increased confi- 
dence in all the work executed during the trip. In April 1891, the 
following values were found for the periods of oscillation of pendulums 
Bi, Bi, and B, at the Smithsonian Institution. They are reduced to 
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EEPORT FOR 1893 — PART II. OlO 

a temperature of 15° C, a pressure of 500°"° at 0° 0., to an infinitely 
small are and sidereal time. 

Bi= 0-500 782 8-1 

Bi = 0-500 696 2 >Mean = 0-500 703 8- 

Bi = 0-500 632 5 J 

Before the return of tlie expedition, in October, 1892, the base station 
at Wasliington ha<l been transferred from the Smithsonian Institution 
to tbe Coast and Geodetic Survey Office. Tbe periods were therefore 
determined at the latter place. 

The following ia the result: 

Bi = 0-500 779 4M 

B; = 0-500 695 VMean = 0-500 701 9« 

B3 = 0-500 631 3 J 

A compariaon of the above values gives a diminished period for all 
three pendulums. We have the excess of tlie time of oscillation in 
April, 1891, at the Smithsonian Institution, over that in December, 
1892, at the Coast and Geodetic Survey Office, as follows: 

For Bi= + 0-000 003 4'1 

Bi = + 0-000 001 2 i + 0-000 001 9" 
B3= + 0-000 001 2 J 

These two stations were connected by simultaneous determinations 
of gravity by Mr. Pntoam and Mr. Von der Trench. The result gave 
an excess of the period at the Coast and Geodetic Survey Office over 
that at the Smithsonian Institution of 0-000 000 5". 80 that we have a 
mean decrease in the period of oscillation of the B pendulums conse- 
quent upon the work outside of the United States of 0-000 002 4'. This 
is about 1 part in 400 000. When we consider that these pendulums 
were in continual service for more than a year at Waikiki, that they 
were transported ou mule back to an elevation of over 13 000 feet, 
where the observations were made under difficult and adverse circum- 
stances, and that numerous other stations were occupied in the 
Hawaiian Islands and in this country, this close agreement between 
the periods of oscillation before and after the expedition must be 
regarded aa highly satisfactory. 

In regard to the accuracy attainable in the general method of optical 
coincidences as practiced in this work, it appears to be far beyond 
what is necessary. If e = the interval in seconds between two coin- 
cidences, and if in that time the pendulum has gained or lost one beat 
on the timepiece, the time (t) of one oscillation is 
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516 U. S. COAST AND GEODETIC SURVEY. 

The accnracy with which ( is determined depends both on the length 
of the interval and the rate of the pendulum on the timepiece, bat 
principally on the former. Differentiating the above expression gives 
approximately 

* = -ii° 

■ icf 

Wliere the pendulum period is nearly an aliquot part of that of the 
timepiece and the interval between two coincidences is 15 minutes, 
or say 1000 seconds, an observation of c to the nearest second will 
only produce an error in the length of the period of one part in eight 
million. 

The following are the observations at Washington before and after 
the expedition. The computations, as well as the observations, were 
made by Mr. G-. Jl. Putnam, Assistant Coast and Geodetic Survey. 
The are conections were computed by Borda's formula. The tempera- 
ture coefficient was determined empirically by observations at high and 
low temperatures in April, 1891. The increase in period for 1° C increase 
in temperature was found to be; 

For pendulum B, 0-000 004 l(i» 

if, 4 22 

B3 4 08 

The mean of these, which is 0-000 004 15*, was used in the reductions. 
From the eoefflcient of expansion of the pendulum alloy, as determined 
by the Ofllice of Standard Weights and Measures, we get 0-000 004 14^ 

The pressure eoefflcient was determined in April, 1891. The mean 
for the three i>endulums was found to be 0-000 000 078 9% representing 
the increase in period for an increase of 1""" in pressure at 0° C. 

The correction to the period is therefore. 

F 



^ Ll+ 0-00307 (~^** J 



■where P is the difference between the readings of the barometer and 
manometer and ( is the temperature. This reduces the period to that at 
a pressure of 600"'"' at 0° C. 

The chronometer rates were.determined in April, 1891, from United 
States Naval Observatory signals, and in December, 1892, by time 
observations, by Mr. Putnam. 

The gravity work for all the stations is published aecording to the 
following scheme: 

Column I indicates the pendulum. 

Column II, the position (direct or reverse. 

Column III, tlie number of the swing. 

Column IV, the date. 
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Column V, tlie number of eeconds between the first and eleventh 
coincidence. 

Columns VI and VII indicate tlie arc through which the pendnlum 
was swinging at the first and eleventh coincidence. 

Column VIII indicates the correctetl temperature. 

Column IX, the manometer reading. 

Column X, indicates the barometer reading. 

Column XI, the pressure in the receiver at a temperature of 0° C. 

The uncorrected periods, the different corrections, and finally the 
corrected period in sidereal time are given in the following table: 



./Google 



U. 8. COAST AND GEODETIC SURVEY. 

Pendulum obiervaHomt, Waghingtoa, D. C. [SmilhfOnUm /nsiiJuiioa), 
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Beda^liim of p^R^atum obeervation), Waahingtoii, D. C. {Umithsonian Ineiitulion). 
[Periods reduced to lempecature, 15=0; pressare, SOO" at 0= C. i »ci: Inflnltely smBlli aldereol time 
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Pendulam bb^frvalions, Wathingion, D, C. (Coosi avd QeodeUc Surrey Office). 
(ObBerver: 6. E. Putnam,] 
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Redueliimof penduUmt obiervations, Waehinglon, D. C. {Coant and Geodetic Sitrvty Offlce). 
[Periods rednoeil to tomperatuie ISo C-i ptaesure, 600" at 0= C; aio infinitely Bmoll; aiderenltime.) 
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Ptuimimm ff faw ratitmg, WatMngtoa, D. C. {Coast and Otodetio Surveg Offioa). 
[OliBervor; Q. B. PulIiaiB.] 
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Feduaiion of peadulum obieiTaiioitg, fraibingfan, D. C. (CoatI and Geodetic Surven Office). 
[Ferii>d« iflduoad to tBmperature 15° C; presBurB, 500"" at 0° C; arc mflnilelr small; sideteal tlme-j 
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Lzi U. S. COAST ASD GEODETIC SURVEY. 

GRAVITY OBSERVATIONS AT WAIKIKI. 

For a description of this station it will be sufficient to refer to 
Appendix No. 2, Report of Coast and Geodetic Survey for 1892. 
The pendulum apparatus has been described by Mr. G. R. Putuian in 
a special report by the Superintendent on the "Determination of 
gravity," Appendix No. 15, Report of Coast and Geodetic Survey for 
1891. Thia paper may be consutted for all details of construction and 
manipulation. A general view of the apparatus is shown in illustra- 
tion No. 24. 

The observations for the force of gravity at Wailiiki were begun on 
June 9, 1891, and continued until June 11, 1893. During this time 191) 
nights' work were obtained. The determinations were limited to those 
nights on which satisfactory star observations could be made, and the 
pendulum was swung during tlie time that the regular international 
latitude investigations were carried on. This made the duration of 
the swings somewhat variable, but the pendulum in nearly every case 
was allowed to oscillate for several consecutive hours. The plan gen- 
erally followed was this: In the early evening, after one or two pairs 
of stars had been obtained for latitude, one circumpolar and several 
time stars were observed with the instrument in the position "clamp 
west." The pendulum was then started, after which the meridian 
telescope was reversed to the position "clamp east" and a few more 
stars taken. A circumpolar was obtained iii the second position when 
possible, but this wkis not considered essential. The advantage of the 
foregoing scheme is that the pendulum apparatus has time to take the 
evening temperature before beginning the swing, and that the begin- 
ning of the swing is referred to the epoch (jf the reversal of the instru- 
ment. The telescope was allowed to remain with "clamp east" until 
the close of the night's work, when another half set was observed. 

Inasmuch as we desire only differential rates for the chronometer, 
we have here the corrections determined before and after the swing 
almost entirely independent of the instrumental constants. The effect 
of azimuth was entirely eliminated by observing stars north and south 
of the zenith. The level was directly observed, but since the instru- 
ment was not reversed during the swing, the change was inappreciable, 
and whatever the eolliination, as there was no reversal, its effect on 
the difference of the clock corrections is insigniticant. 

The instrumental constants were quite small during the entire year. 
Moreover, since the same stars were observed from night to night the 
chronometer rates are independent of any errors iti the right ascen- 
sions. It is believed that this work reaches all the accuracy attainable 
with this set of instruments. Tlie arrangement of the time observa- 
tiona, the metiiod employed of interchanging the pendulums, and the 
precautions taken in the temperature and pressure conditions seem to 
exhaust the precision of manipulation, so that any discrepancies must 
be attributed eitiier to the construction of the instruments or to real 
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differences in the force of gravity. Tiie principal defect in the appa- 
ratus was in the inciins of reading the amplitude of oscillation. At 
the beginning of the swing Ike half amplitude was usually about I'', or 
a distance of 5™™ on the scale at the i)endulain point, which is 297'"'" 
below the knife edge. After an hour and a half tliis half amplitude 
had decreased to aboub O^-.') or to 3""", and the correction to reduce the 
time of one oscillation to what it would have been in an infinitely small 
arc is 0-000 005 0^ Now. iin error of one-tenth of a millimetre in esti- 
mating the amplitude would produce an error of rather more tliaii 
one ten-millionth of a second in tlie correction for jirc, so that we may 
assume that the niicertainties arising from the scale readings do not 
materially affect the deduced i)eriod as much as tlie millionth part of 
a second. 

The change of gravity for a small cliange in the latitude of the place 
may be obtiiiued by ditfereutiating the equation 

g=C + f> sin* (p 

where C is the force of gravity at the equator, and J) is the increase 

in this tbrce in passing from the equator to the pole, tiie unit being 

taken in metres. For a value of ^ = 21© 10' we get 

(7jf= 00338 d^ 

A change, therefore, of 1" in tlio latitude would give a eiiange of 

JI.IJQOQ -| 1 

200000 **"■ 6 lOirOOO "^ ^ "'*^^'* '" "^^^ '■•*'«'* ***'-^ ^'"' ^' °^ '■'*'""* (iO (KH) 000 
of the total force of gravity. 

The change of latitude at Waikihi during the entire year being six- 
tenths of a second, the force of gravity would not be disturbed from 
this cause more tlian 1 part in 100 000 000. 

The following table contains the chronometer corrections and instru- 
mentjil constants from June 4, 1891, to June 11, 1892. Tlie value of the 
collimation is given with its appropriate sign for the position of the 
telescope with the clamp on the west side. Tbe azimuths are given 
for those positions in whicli a determination was made. Wlien no stars 
of sufficiently liigli declimttion could be obtained to bring ont tbis con- 
stant, that of a preceding or fullowiug day was used and the corre- 
sponding tabular space is lelt vacaut. 
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U. 8. COAST AND GEODETIC SURVEY. 



Clock raiea and inatnaaenlul e 
[NegBB ildetesl chronometer 



I, Waikiki, Htttcaiian lelavdt. 
Obeerver^ E. D. Preston.] 
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Cloek rates and {nilmmental oonstanti, fPaikiki, Hamaiian Islands — Continaed. 
[NeguB sidereal chroDometeT No. 1825. Observer: E. D. Prsaton.] 
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Cloek rata and iHilmmental comtontt, Waikiki, Hawaiian lelavdi — Coatinaed. 
IKega* aideteal clironDmeter So. lS2a. Ubserrer; £, D. Frestvu.] 
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Clock rales and iiialramental voaataiiU, Waikiki, Hawaiian lelnads — Coiif itiiiod. 
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E. 


«-: " 


189., 


A. m. 


m s 


~^~" 


Seconds. 


^Woild!. 


Si-con<li. 


Dec. 2& 


I 30 


+ 2 45''7 










5 30 


4646 










5 40 


46-48 










27 


30 


51-52 


6-48 








2S 


30 


S8<x> 










31 


5800 












5 30 


59-24 




+ o,) 


— -32 




29 


30 


--3 04-42 












31 


04'42 


5-88 










5 30 


05-62 




-1- -^4 






3" 


30 
33 
5 30 


10-30 

I0-2t) 
1 1 -42 


s«. 


-r- -05 


-!■ -[? 


+ -.6 


1892. 














>n. 1 


30 
30 


21-94 

-3 32'3l 


5 '75 
6-01 
5-77 






+ -'3 
\- -'4 


3 

5 


30 


26-30 
14-64 


4- -03 




+ -'7 




' 3« 


14-64 












5 30 


1,-66 


5-59 












o8-i2 










Ii 


5 00 
5 30 
5 4fi 


— 2 46-04 
40'34 
40-36 


5'52 
5-59 


-i- -10 








7 30 


39-85 


5-7: 










5 30 


34-63 












5 46 


34-62 












8 00 


34-00 


S-49 


[1- -12] 


-1- -'5 




16 


5 30 


12-66 


5 -S3 


+ ■-07 




1- ■■■,0 




8 00 


^■58 


579 


t - . .0] 






■9 


5 00 
5 00 


-I 55 -3f 
49-26 


6-06 


[- -lo] 




[- -^o] 






48-70 






-- -14 






8 11 


48-69 


5-I.2 








31 


5 00 


43-64 














43-60 














42-97 








-t- 08 


^3 


5 00 


33*12 






- -25 1 




S 02 


33-'4 
32-50 


5-40 


..- -lO 






24 


5 00 


27-73 
27-71 


, 










8 00 


27-00 










25 


S 00 


21-90 












3 00 


20-84 












8 OS 


20-84 


6-43 








37 


5 00 


0904 












8 00 
8 40 


08-33 
08-30 


5-S7 


-f -02 




-■2, 


Feb. 2 
3 


8 00 

17^ 


—0 33-12 

28-26 


5-50 


— -13 




-..0 



!, Ex. 18, pt. i 
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10 U. S. COAST AND GEODETIC SURVEY. 

Ch'l^a'iii and instrumtnlal (DiMlan(«, JVaikiki, Hawaiian Inland)— QontinneA. 
[SBgu. BlderealihronometerNo. 1826. ObserTer: K. T(. PresWn.] 




REPORT FOR 18B3 — PART 11. 



, Waikiki, Hawaiian Ialand»^-Conti 
Jo. 18M. Observer: E.D.PresHm.] 













A.i.„.h. 1 


Date. 


Epoch 


Correotinn. 


Dsily r»ts. 

























E, 


■ 


1892. 


A. m. 


Seamiis. 


Secailds. 


SefBni/i. 


Se^gndl. 


Mat. 13 


7 30 


-' So'3J 


5-88 




[+o-4ol 






7 30 


44-45 


— -05 


[+ ;40] 




16 


7 30 


32-8: 










19 


7 30 


IS '67 


S-70 
5-91 


— -06 


+ -25 






7 30 


09*97 


~ -04 


[+ '^S] 






7 30 


0406 










7 39 


04-07 


5*83 












0293 




[+ '25] 




^3 


9 00 


—0 5205 








4-0-70 




9 07 


52-05 
5' -52 


5-7^ 


- 12 


+ -50 




24 


7 30 

7 39 


4666 
46-65 


5-79 


~ -04 


+ *30 






11 30 


45-7*^ 








29 


7 30 


'7;73 












7 39 
n 30 


III 


5-77 


+ -26 


+ -70 




30 
31 


7 30 
7 38 
11 30 
7 30 
7 38 


11-96 
■ ■-98 
11 06 
06-10 
06-ir 


5*86 


+ *25 


+ *54 






.. 30 


05-28 


5*79 


+ *54 




Apr. 6 
9 


.10 IS 
10 15 


+ 1 29-39 
46-73 


S-7S 1 




— -20 




14 45 


47-74 


S-8S 


+ -12 




- 18 




14 58 


47-7.1 




+ -10 








10 15 


52-58 






■+ -lO 






13 


10 30 
Id 30 
:o 30 
10 30 


22-07 


5-87 
V9S 
6-os 




+ -to' 
,+ -'0 ■ 

'+ -.0 




-'■\l 
- -16 




14 45 


29-14 


5-91 










14 57 


29-17 


+ -08 


- -65 


- -68 


J7 


10 15 


3398 












10 13 

12 45 


33-98 
34-58 


5-95 


[+ -12] 




— -30 


18 


II 30 


40-13 


5-81 


[+ -'6] 




— -43 


19 


.0 30 

14 45 


46-90 


S-93 










14 57 


47-90 


-f- -20 


-- -67 


— -60 


20 


10 15 

11 45 


51-66 
52-08 


6-08 


[+ -20] 




— -18 

- 33 




10 IS 


57-74 


5-99 


[+ -'sj 




— -30 


23 


10 IS 


+ 2 09-71 










■4 45 


11-04 


6-o8 


+ -IS 




— -60 




14 56 


1109 










24 


10 IS 


15*79 












H 45 
■4 56 


16-90 
.6-89 


57, 


+ -12 


- -84 


--3S 


ZS 


10 15 


21-56 












::ii 


f.'^ 


5-75 


+ -20 




~ -35 


29 


10 15 


44*57 


5-86 


+ ''" 






May , 


10 45 


56-42 
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532 U. S. COAST AND GEODETIC SURVEY. 

Clovk ratei (i»(l inilrumeniaJ conalaata, WaikiM, Baioaiian Islands— CtiafmaeS. 









cm™,,™ 


A,i.u,h. 








iv. 


E. 


W. 


h. PI. 


^uon,h. 


Seconds. 


Seconds. 


5«.Wi. 


4 45 


-[2 57-i7 


5-48 


+o-,6 


—0-43 




4 5^ 


57'19 








o 15 


-2 58-21 




[+ -'5] 






15 


4680 










4 45 


45 70 


5 -'JO 


H- -'5 


+ -06 


+ -22 


4 50 


45-69 








15 


-2 40-90 










4 45 
4 S'> 


i?B 


5-87 


+ -07 


-00 


+ -34 




3503 


6-09 
5-78 


■I- -07 




-1- -20 


1 '5 


28-69 








'5 


'7'37 








4 45 


■ 6-22 


5 -98 


-f- -08 


J- -07 


1- -30 


4 50 


l6-2J 








[5 


n-39 










4 45 
17 


10-44 
It -42 


5f"'4 


1 -08 




+ -32 


IS 


05-75 


5-7*^ 


! oS 




-+■ -07 


2 15 


-' 5374 






+ -25 


4 45 

5 00 
15 


53»5 
S3-IZ 
4831 


5-92 


1 -06 


■00 




4 45 

5 00 
° '5 


47-17 
47-10 
42-64 


S-6j 


4- -07 


— 20 


.- -16 


4 45 

5 00 


41-45 
4«'43 


S-84 


+ -If. 


- -40 




4 45 . 

5 00 


24' 10 
2410 


5 -80 


+ -07 


— .-27 




" 45 


07-37 










4 45 

5 00 
' '5 


<*-53 
06-45 
oi'5t 


S-97 


+ -'5 


— -30 


— -50 


4 45 

5 00 


00-58 
00-55 


5-80 


+ -" 


- -16 




4 45 


-0 54-87 


5 -87 
5-76 


+ -23 


— -5' 


— -13 


4 45 
4 00 


49-00 
43-46 


+ -12 


— -09 


+ -09 


7 45 


42 -so 




+ '1 




— -'3 


7 57 


42-51 










4 45 
4 00 


ji-80 
26-13 


57S 


+ -08 


+ -13 


+ -20 


7 45 

7 58 


^5-4' 
»5-38 


S-80 


+ -'o 


— -16 


+ -lo 


4 45 


20-i6 


5-69 

5-67 


-+ -04 


- -22 




4 00 
4 00 
4 00 
4 00 


+0 07-97 
'3-64 

"939 

25-24 


[+ -10] 

+ -10 




~ -06 
■00 


\ i 

4 00 


31 -» 
3 '-98 
54-57 


5S9 


+ -18 


- -33 


+ -07 
+ -n 




55-45 




+ -11 




8 « 


55-44 
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534 U. S. COAST AND GEODETIC SURVEY. 

Tlie following table contains the l^endaluiii Results for 193 nights at 
Waikiki betwe<ni June 9, 18!tl, and June 11, 1892: 



I'^iidnlum obtei-valit, 



\g, naikiki, Honoltd 
',. D. PresMm.] 



T 


i 






1 


'Tin,.i„ 


Time of 


Sen.i-».c. 


Ten,- 


Manom 


RBrom- 


Pies- 


■% 




r>»iB, 


^ 


o'il 


semn.ls. 


.Sden« 


.. 


Bture. 






Vc. 


s. 


^ 




M 


aS.S 




mervas 


""'"_■; _^ 














1S91. 


/i. 




J 


!. 


mm. 


mm. 


"C. 


mm. 


mm 


mm. 


\h 




June 9 


141 


24 


6296-0 


2623-3 




1-5 


26-33 


206-0 


767-2 


5io' 








140 




5256-0 


2628-0 




2-5 


25-98 




767-4 


511 








157 




5280-0 


2640-0 




2-5 


24-92 




767-4 


5'9 








'3 9 




5282-0 


264.-0 






25-43 


212-5 


768-0 


507 








157 




53o3'5 


2651 S 




2-7 


24-62 


205-0 


767-6 


i;i 








14-2 


31 


8440-0 


2637'5 




[2-.] 


as -47 




7674 






'3 


I4'6 


44 


11588-0 


2633-6 






2S-42 


208-0 


766-4 


S'o 






\l 


'4'3 


3^ 


8416-5 


2630-2 






25-73 


217-0 


766-8 


501 






147 




S244-S 


2622-2 




2-5 


26.33 




767-6 


503 






17 


149 


30 


78955 


263. -8 


[s-'] 




26.13 


219-0 


767-5 


499 






18 


I4'9 


30 


7901 -o 


26337 






261S 


218-0 


766-4 


499 






■9 


>5-6 


50 


i324S'o 


2649-6 






25-68 


215-0 


765-5 


S02 








"S-4 




ro554o 


26410 






25-83 


2L5-0 


767-1 


503 






24 


'S'2 


40 


10543-0 


2635-8 






25-68 


2i3;o 


767-1 


505 






. 25 


r4.2 




5^57'5 


2628-8 




2-5 


25-73 


Vil^ 


766-S 


501 




" 


^S 


'6.1 


20 


5I74'5 


2637-2 




2-6 


24-82 




766-9 


S02 


li, 


]> 


a6 


148 


J" 


73990 


2466-3 




2.5 


26-28 


214-0 


765-4 


501 




K 


26 


170 


30 


7455'o 


2485-0 




2-3 


25-12 


217-0 


765-6 


501 


«1 


1) 


*7 


I4-S 


30 


68325 


2277-5 


S-2 


2-7 


26-43 


218-0 


765-2 


497 




|{ 


27 


I7'l 


40 


9' 40-5 


22S5-1 


5-0 




25-32 


214-0 


765-6 


503 


B. 


D 


28 


147 


30 


7883-0 


2627-7 


5., 


2-5 


26-48 


ai2.o 


766-6 


504 






28 


.7'o 


30 


7923-0 


2641 D 




2-4 


25-42 


2190 


766-6 


499 




30 


14'8 


30 


"*■■' 


26320 


ts-i] 


2-4 


26-03 


214-0 


765-0 


502 
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BEPORT FOK 1893 — PART II. 
Ill ofpendulam observalione, Waikiki, Jlotiolidu. 







Cor, 


actions lin seventh d«dm.l„U«), 




Poai- 


I'erioa un.:„r.c,-(eri. 






PEncl torte<Ie<l 
















^x:- 


l'..sBur.. 


K,le. 






SeiOH^s. 






&.o»Jl. 


D 


o-so-j 9548 


-48 


-47" 


- 8 


-t-4"4 


0-500 9436 




^il 


■50 


-456 


- 9 


+426 


442 




48S 


-50 


-412 


—15 


-i-42[, 


440 




484 


-58 


—433 


- 6 


-1-429 


4>6 




445 


--53 


-399 




4-427 


408 




497 


44 


-435 




+427 


439 




S'l 


-3' 


-432 




+380 


420 




523 


-43 


-445 




4-37S 






552 


-so 


-470 




-H373 


403 




5'7 




-462 - 


+ I 


-i-380 


394 




5" 


-46 


-464 


+ 1 


■I-39S 


397 




453 




-443 




1-393 


370 




484 


-3' 


-449 




h38S 


38? 




503 


-31 


-443 


— 4 


+372 


397 




52S 


-5° 


-445 




-h357 


389 


D 


498 


_52 


-408 


— 2 i +370 
1 June ,7 


406 


4IO 


D 


0501 0157 


-50 


-468 


- 1 : +382 


0-501 0020 


R 
D 


oSi 


-47 
-S3 


—474 


■]- 2 


-f-397 
June 26 
+390 




0,5 

o-=;oi 0866 


R 


0964 




-4.8 




+383 
June 27 


S76 


871 


D 


o'5oo9532 


-49 


-476 


— 3 


+376 


o-joo 9380 




484 


-48 


-432 


■1- 1 


-h369 


374 




5'7 


-48 


"458 


_. 


+ 377 


386 
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U. S. COAST AND GEODETIC SURVEY. 

I'endalwn obieiitalione, Waikili, Ifonoluht. 
lObBepvt^r: K. II. PreMoii.] 





1 




1 


■s|£ 


Time in 


Time of 
ien coin- 


S^.i-ar.. 


.tar'e. 


Manom- 


Datom- 


surest 












s. 


|.S.S 








riiui. 




















■ 


















189.. 


^ 




i. 




mm 


mm. 


'C. 


mm 


ntm 


mm 


\h 




July 4 


is'z 


3+ 


9014-0 


265,-2 




1-9 


2472 


217-0 


767-0 


603 






7 


17-3 


30 


7931 'O 


2643-7 






25-12 


214-0 


767-0 


505 








17-6 


34 


8945" 


2630-9 






25-43 


1E3-0 


768-8 


53-1 






17-2 


iS 


476S-0 


2648 -y 




3-0 


25-33 


219-0 


767-2 


500 




i '8 


177 


32 


8442-0 


26381 


4-5 


[•7] 


25-33 




7667 


499 








i7-b 


3= 


8463-0 


2644-7 






26-03 


219-0 


766-6 


499 






33 


17-4 


30 


79250 


264:-? 






26-03 




766-6 


496 






24 

25 


17-6 
17-6 


30 
32 


7950 s 
S475-0 


2650-2 
2648-4 


5-0 


2-0 


S:S 


220 -O 


766-4 
766-7 


496 
497 






3fl 


17'6 


34 


902 J 'O 


2653 '8 






26-13 




767-0 


496 






27 


17-8 


38 


10105-5 


2659-3 






25-73 




767-2 


497 






29 


17-6 


30 


7932 ■<= 


26440 






26-28 




766-2 


494 










30 


79130 


2637-7 






26-44 


216-0 


767-9 


501 






3' 


1S-4 


34 


8986 'S 


2643-. 


4-3 


1-7 


=6-oS 


218-0 


766-4 


500 


Bi 




Auy. J 


.6y 


34 


8383-0 


2465-6 


5 '2 


2-2 


25-98 


218-0 


764-7 


49a 




H 




19-2 


30 


74S3-0 


2484-3 


5-' 


2-2 


24-72 


221-0 


765-1 


497 


K, 


II 




i6-4 


44 


9996 'O 


1271-8 


5-1 


2-0 


26-94 


21S-O 


765 -8 


497 




'^ 


-i 


I9-:i 


3(' 


8>97-o 


2277-0 


5-1 


2-3 


25-93 


2I6-0 


766-4 


502 


H3 


IJ 


4 


17-4 


30 


7887-5 


2629 '2 


5-0 


2-0 


27-80 


226-0 


7666 


490 






S 


'7-5 


3" 


7888-5 


2629-5 






27-45 




76S-O 


495 








17-5 


30 


79'9-5 


2639 -M 






26-59 


224-0 


767-5 


494 






7 


'7'S 


30 


79370 


2645-7 






26 -3 J 




766-8 


496 






_..._1 


'77 


32 


8469-5 


2646-7 


5-0 


2-0 


26-33 


218-0 


766-9 


499 
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REPORT FOR 1893 — PART II. 
Iledavliou of pendulum obaeiTationa, Waikiki, HonoMu. 



' ' 


" 


Con 


■ecliuns (in se 


entl7,i«clma 


l>ta.e). 


" 
















Hon, 




A„. 


Tempera- 


Pressure. 


Rate, 






&ffl«^. 




scviias. 


u 


5009448 




-403 




+ 385 


0-500 9388 




474 


-45 






-1-377 


382 




520 


-43 


-433 


-27 


+ 389 


406 




456 


—57 


—429 




+412 


382 




495 


-3= 


--429 


f- 1 


+416 


45' 




471 


—41 


-458 


\- ' 


-1-400 


373 




482 


—44 


-458 


i- 3 


+387 


37« 




45' 


—41 


-445 


t- .1 


+396 


364 




457 


—41 


-475 


+ 2 


+4^5 


368 




438 




-462 


1- 3 


+435 


376 




4-8 


-38 


--445 


1- 2 


+419 


356 




473 


—4* 


-468 


-f 5 


-|-40i 


369 




496 


—42 


-475 




+ 390 


368 


D 


477 


-30 


-460 




+386 
J«!y 17 




jHo 


D 


0501 0160 


-46 


-456 


1- 3 


H7r 


0-501 0037 


R 


0083 


-45 


-403 


+ 2 


+3S2 


09999 


,0018 


D 


0-50T 1039 


-42 


-496 


4. 2 


-1-3^3 


0-501 0855 


R 


'"* 


-46 


—454 




+38' 

Aug. 3 


□883 


I 0869 


D 


osoo 9526 


—41 


-53' 


+ 8 


+39' 


0-5009353 




525 


—42 


-5 '7 


+ 4 


+403 


373 




488 


—44 


-481 


+ 5 


+ 408 


37^ 




467 




-470 


+ 3 


+4'S 


371 




464 


—41 


—470 


+ ' 


+4'S 


372 
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538 ■ U. 8. COAST AND GEODETIC SURVEY. 

I'enduliim ohstri-atlons, IVaikm, n.>ni>l'd„. 
(Obmrvtr: B. U. I'reHton,] 





.1 


D«I. 


t 


m 
111 


Time in 


KnTorn- 


"s*. 


.ar.. 


Tem- 


Mmnc 




Baron. 


Pres- 










X 


1 








'"•"^'* 


initial 


Final 


rture. 






o-C. 






1S9I. 


.5, 




I- 


^ 


mm. 


^ 


= C. 


mm. 






ih 


I) 


Ahk. n 


'7*5 


30 


7936'o 


2645-3 




2-0 


2659 


219 





766-6 


497' 








17-5 


30 


79160 


2638-7 






27-14 


216 




767-0 


500 






'3 


'7-.i 


30 


79140 


26380 






27-04 


215 




767-8 


501 








17-8 


36 


95235 


26454 




[i;9] 


2644 


217 




7676 


50' 




'S 


'75 


30 


79250 


2641-7 






26-59 


219 




7665 


497 




16 


'7'S 


30 


7933*5 


2644-5 


5-0 




26-33 


219 




7664 


497 








20-3 


40 


10562-5 


2640-5 




17 


25-53 






765-1 


500 








1 5 '6 




52700 


2635-0 




30 




226 




7670 


493 






»3 


20 -3 


40 


10548-5 


2637-1 




[17] 


26-03 






766-0 
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Pendulum observatione, Waikiki, Honotula. 
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0-501 0000 


K 


075 


—41 


-40. 




+336 
May 18 


0995S 


09979 


D 


0-5009454 


—35 


—44' 


+ s ■ 


+346 


0-500 9326 




438 


-35 


^428 




+336 






43^ 


-30 


-426 




+336 


310 




443 


-50 


—401 


+ I 


+340 


333 
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Peiiiluta'ii ohservalionii, Waikiki, Himolalii, 

lOlusrVBT: £, D. Prestuu.] 
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X'e. 


m™. 


Rarom- 
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B, 


D 


1892. 
May 35 

38 


i. 
157 
144 
157 


42 


11 1750 
5300-0 

1 1167 'O 


26607 
26500 
2638 '8 


4-7 
47 


1-4 
2-9 
1-5 


° C. 
24-62 
24-92 
24-68 


2IJ'0 

224 -o 

214-0 


7'68's 
768-9 
766-2 


5 

50s 


IJ. 


11 


Jmie 3 


U7 


16 


36550 


:z284-4 


4-9 


3'S 


25 '02 


225 'O 


766-4 


495 


% 


D 


4 


'47 


t6 


3953-0 


2470.6 


5-0 


3-3 


25-12 


226-0 


767-6 


495 


n. 


J> 


5 
7 


'47 
147 
'57 


16 

16 
2S 


42430 
4235-0 

7421 -o 


2651-9 
26469 
2650-4 


[4-4] 


3-0 
3-0 


25-48 

25 '48 


244-0 
227-0 
225-0 


767-6 
767-9 

767 '8 


477 
493 
495 
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Keduetioaof pendulum olservaHoaa, tVaibiki, Hoiiolula. 
U. temperature, 150 C.; pressure, 60ft'" at CP C.j arc ioflnilely Bmalli 1 
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venth rtccima 


plac). 


P.H.a™,.. 


A,.. 


'T.K~- 


P,...,., 


Rate. 


I) 

D 
D 
I> 


Seconds. 
0-500 9414 

o'5oi 0963 

0-501 0140 

0500 9445 
450 


--31 
-60 

-52 
-so 
-36 


-399 
—412 
—402 

-416 

—420 

—435 
-435 


- 4 
+ 3 

— 4 

+ 4 

+ 18 
+ ft 
+ 4 


+333 
+ 333 
4336 

Maj' 25 

1 329 

Jun^ 3 

+3J4 

J""e 4 

+ 339 

1-34^ 
+342 


0-5009315 
320 


320 
0-501 0823 


o-soi 0S23 
0-500 9998 


0-5009998 

0-500 9330 
316 
325 


327 
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Pendtiluin So. 3 wa« iovariiibly swung in the direct position. No. 1 
and No. 2 w«ie used both m the direct and reverse, wlien possible, 
lu order to reduce the results to the same conditions, a correction 
is applied ivlieii ouly one iiositinn was obtained. Tliis correction is 
deduced from all the reversals during the year, as shown iu the follow- 
ing table: 



Differwcw hetveen the periniln of iieHdiilnn 



md B-ifur the dim; 



n.... 


A 


"1 


.8,l-.8,.. 
June 26 


^oo^o^.o 


-„.oi,„,o 


STpt : 


t il 


28 


<kl. 4 

Die. '\ 
Ja„. i, 


f 22 

+- 27 
■t 07 


— 08 




f 25 


- 18 


Mar. I 


+ 20 


~ 14 


'7 
A,„. S 


-(- 30 

+ 3' 

+ 18 
4 17 
-1- 42 


08 
13 


+0-000 0024 


—00000015 










Tlie signs renisiin the same throughout the year, and we have a mean 
value of 

«. 
for 7i| (J?— 7i')=~(l-0O0 0015 
B, (7>— R)=+0-000 0024 

The correction, therefore, to rediif^e tliose observations made in the 
direct position to the miwn of those made in both is 



+0-000 0008 for Bi and 
-0-000 0013 " Bi 
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These corrections being applied, we have the following table. Mean 
values are taken for those periods during wliicli contiiinons observations 
were made with each pendnlnni : 
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No 
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Ptno.l. 




Halt, 


l',,.i..,i. 
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DHIe, 


yau.± 
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.89.- 
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I89I-V. 


~^.' 


..__ 


i89i-'9=- 


Seconds. 




June 


27 


0-50I 0871 




June 26 


0501 0015 






0-5009410 


16 


A..g. 


3 


869 




iug. 2 






July 14 


380 


17 


Sept. 


6 


856 




Sept, 2 


09979 




Aug, 17 


364 


iS 


Get. 


5 


S61 






09997 




Sept. 19 


350 


9 


Nov. 




846 




3' 


09994 




Oct. 19 


344 


7 


Dec, 


5 


838 




llec, 1 








346 


'4 


Jan. 




850 




Jan. 2 


09981 




Dec' 18 


34' 


19 




6 


S3a 






09997 




Jnn. s 


338 


' 


I-d). 


16 

3 


823 


I 


[8 
l-ch, 4 


11 
76 

75 


\ 


26 


329 
302 


8 
6 


Mar. 


16 


822 
826 


\ 


Mar, 2 
19 


79 
64 


I 


25 

M.r, 9 


334 
325 


6 
7 


Apr. 


6 


830 




A].r. 9 


72 




25 


309 


7 




16 


823 




17 


84 




Apr, 14 


343 


3 


May 


'5 


822 
834 


\ 


May ^4 


76 

11: 


I 


24 
May 9 


3'8 


9 

7 


June 


3 


. 83' 




June 4 


86 




24 


320 

327 


7 
3 



Comparing the preceding valnes with the respective mean valnes for 
each pendulum, we get the Ibllowing differences. The column headed 
(() gives the excess (minus) or defect (plus) of the observed period of 
the pendulum over the mean value for the year in units of the seventh 
decimal place of sidereal seconds. The following column, headed (jf), 
gives the e."ccess or defect of the force of gravity, the unit being one 
ten-millionth part of gravity. The sign plus indicates in this column 
that the observed force of gi'avity at the given date is less than the 
mean value for the year. The fourth column gives mean values and 
dates for successive groups of three: 
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Mean ™m*, r.s«> 9338-. 


mte. 


T 


^■ 


Means. 


D... 


'- 
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-33 


+13' 

4-124 
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J.m 16 
Aiifi. 2 


-29 

-32 


+.16 
+128 


J"'y3' 
H72 


July 14 


-72 


+287 
+168 


'?.." 


Sept, 6 


— iH 


4- 72 


.Sep.. 2 


+ 7 


-.- 28 


Aug. 17 


—26 


+104 


(Jet. 5 


"23 


4- 92 


No,. 3 
-1-41 


(M. 4 




+ 44 




Sept. 19 


— 12 


+ 48 


Oct. 19 

+35 


Nov. I 
Dec, S 


-oS 


+ 32 


0..^; 


—16 


4- 32 
+ 64 


-1-47 


Oct. 19 
Nov. 17 


-06 
-08 


f 24 
+ 32 


Jan. I 




I-4S 






4- S 




Jan.,o 


Dec. 18 


-03 


+ .2 




6 


+o6 


- 24 


Jan. 8 






+ 4^ 


Jan. 5 




00 


^-08' 


i6 


4-15 


— 60 




18 


4- '4 


-56 






+09j~ 36 


P«h. 3 


4 '9 


- 76 




Fe!.. 4 


+,0 


- 40 




26 


4- Mi- 56 






+07 


- - 2S 


-]" 




+" 


-- 44 




Feb. 10 


4-3''|-'44 




Mar. 1 


^~^6 


-64 


Mar. 2 


+07 


— 2! 


—37 


25 


+c^- 16 




i6 


+ .2 


-48 


A,„. 2 


'9 


+22 




Apr. 5 


Mar. 9 


+ 13 -- 52 


Mar. 27 


Apr, 6 


+08 


— 32 


Apr. 9 


4-14 


- 56 


25 


+ 2d-ll6 


[6 


+ 15 


- 60 


47 


17 


+02 


-OS 


—51 


Apr. 14 


-05'+ 20 


—49 


May I 


fi6 
404 
+07 


- 64 


M.,17 


May 4 
18 


+10 
+07 


-I 


May 19 
-23 


24 
May 9 


+ i7i- 68 
+ 20- 80 
+ 18- 72 


May 16 
-66 


















June 1 


!j1^ 





Tlifi i»lmv« Viti-iiitioiis of gravity ar*! sliowii ftraphically in illustration 
No. ^"i. TiiB smailtwt square, in the diagiaui ropreseTits one milliouth 
piirt of gravity, and foL tliiw argument the plotting is done to the near- 
est lino ill tlie ditigrum. For tlie time argument the nearest day is 
plotted, tour days representing the apace between vertical lines. 

From tlie olisorvatious !it Washington cited in the first part of this 
paper, it apiieara that the time of osciilation of the pendulnma wa« 
decreased on uc(TOuiit of uao between April, 1891, and December, 1892, 
by the lotlowing iimonnl«: 



tor 7i| 

71, 



0-(l()0 0(t3!) 



17 



It is aamimod tlmt tliis ciiange took place during the time the pen- 
dnlnma were in actual use, that is frorii June fl, 1891, to October 1 1892. 
The above decrease in the iMriods correspond to an increase in the force 
of gravity of 

ir>-(; niilli.intlis ol' g for pendulnm if, 

0-8 '. u U U U Ji^ 

. «■« " " " " " B. 

Supposing that this ellert was proportional to the time we have the 
following table, which gives the apparent iiicrease in gravity after cor- 

. i.Coot^lc 
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recfcing for wear of tlie knives. These vulues are plotted in illustratioii 
No. 25 and ate iDdiuated by the aigsi ^: 
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+ 126 
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18 
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254 


+ 83 
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Apr. 






298 


+ 97 


+ SO 




May 


'7 


-% 


343 


+ 111 


h 7S 


H, 


J"iy 


31 


+ 72 


52 


+ 7 


f 79 




Nov. 




f 47 


'45 


+ 21 


i- 6S 


• . 


Jan. 






2'5 


-1- 3' 


1- 21 




Keb, 




- 37 


255 


+ 36 






Apr. 


S 


— SI 


301 


+ 43 


- 8 




May 


19 


- n 


345 


+ 49 


f 26 


B. 


]"iy 


12 


+186 


33 


+ 5 


(-.91 




Oct. 


'9 


-t- 35 


'32 


-- 19 


1- 54 




Jan. 






206 


-- 29 


+ 2' 




Feb, 




— 72 


246 


+ 35 


-■ 37 




Mar. 


27 




2y2 


- 41 


- 8 




May 


16 


— 66 


342 


-h 49 


- :7 



After rims corfecting for wear we then have an increase of gravity, 
between July, 1891, and May, 18!)2, of 

5 niilliontlis lor Bi 

a " " ih 

21 " •' B-i 

giving an average of 10 inilliontlm for Mie tliree peiidalniiia. This is 
equivalent to a deureasi; of ^oo-Voo ^'^ ^ »eeoud in tlie time of oscilla- 
tion of a half-second pendulmn. Wlien we consider tliat ail tlireu pen- 
dulums indicate ti slight increase of the force of gravity, it is worth 
while to examine the conditions under wliich the work was done. The 
influences bearing on the result were in several respects such that their 
effect on differences of the force of gravity would be entirely eliminated 
when comparisons are made between observations made one year apart. 
Any effect on the time of oscillation of the pendulum depending on the 
hitlnence of climate should be the same sit the same season of the year. 
The influence of temperature on the rate of the chronometer and the 
effect of erroneous indications of the thermometer consequent ujion 
the failure of the penduhims to take the temperature as soon as the 
mercury in the tbeimometer, although varying with the season, should 
be nearly the same for June, ]8ill, and June, 1893. These conditions, 
moreover, change but little throughout the year at Waikiki. The 
star places can not affect the character of the result, since the same 
stars weie observed for time during several montlis, and the identical 
ones were used for the work of June, 1891, and in the determinatious 
S. Ei. 19, pt, 2— -36 / - I 
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twelve iiioiitiis ]at(;r. It is true thiit the wejir of the knives was per 
ceptilile during; tlie year, and that tliia effect on the time of oscilhition 
of tlie iieiKliiIuiuH is tiie siime as would be i>roduced by an increase of 
tliu force of gravity. But the cttect of wear ■will not quite account 
for tlio observed decrease in tlie period of the pendulums. In fact, the 
observed decrease in /{:, is more than three times thiit attributed to wear. 
Moieover, wo must not lose sight of the fact that this effect was detet- 
iiiiiietl by a cotai"H''soii of tlie times of oscillation at Wsishingtoii before 
and after the work at Waikiki, and that this naturally assumes that the 
force of gravity at Wai^hingtoii was constant during the year, or at 
least that it was the aaiue at the time that the two detenaination.s were 
made. Tliis may or may not be the esse. Indeed, there is, a priori, 
no moi'w reason to HU[>|iose a variation at one place thaiwit the other, 
except the viilcanic nature of the islands, and the effect of wear would 
probably Iiest be estimated by considering uhme the Waikiki observa- 
tions ill whicti one of the pendulums was swung so much more than the 
other two that tliu effect of wear on these may be neglected in the com- 
parison. I'cnduluni No. I and pendulum No. 2 were each used on 18 
nights, while pendulum No. ;[ was used on IIS nights, or in the pro- 
portion ()f about !» to 1. Theweigbtof all the pendulums being the 
same, the ajjafe knives being of the same material, and the support 
being identical, we should fis.pei:t, eipial eft'ects for etpial amounts of 
wdik, and a t()lerable accurate estimate of the effect of use may be had 
independent of the VViisliiiigtou coiniiarisona. It is well known that 
tlic ctlei^t on the time of oscillation of the wearing off of the knife and 
<i( its blunting aie in opposite directions. In the first case the pendu- 
lum is virtually made longer and hence oscillates slower, hi the latter 
lliei'lfect is to make it oscillate moi-e rapidly, so that there is some 
compeiisalioii in the total effect. Whatever may have been the effect 
of use, as regards tlie amount to he attributed to Ciieh of these causes, 
the iieiidtilnms do not seem to have diverged from each other more 
than a few millionths of a second during the year, and there appear no 
progressive changes de|ien<Ung oti the time, which should be the case if 
tlms.^ changes weit^ a ftinc^tion of the wear. The following table gives 
B comparison of the iiemUilums at those times during the year wheu a 
change was made from one in.striiment to the otber. Since if, and Bj 
wei-e swung between the times of mvinging H,, the mean value of B, 
iH'lore and alh-r is <'onipaivd with each of the others. The unit is one 
leii-mitliontl. of a sidereal se<»nd. 
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Aug. 2 


70 


&3 


66 


i8 


69 


851 


'503 


652 


Sept. 4 


51 
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The fact that the pendnliiiiis were not swung at the same station in 
Washington before and after the work in tlie Hiiwaiian iNlancIs can 
hardly throw any nucertaiuty on the eoiiipiirjsona heloi-e and after the 
expedition. The connection was made by the telographic method, 
the pendulums being swung stinultaneouHly and the grojitfist disurep 
ancy of the period of iudividmU swings fnun the mean value was only 
one part iti two and one-half millions. It does not seem that tlie cor- 
rections for amplitude, temperature, atmospheric pressure, or rate of 
chronometer could be in error sufficiently to account for tlie change of 
gravity noticed atWaikiki. Even supposing that the coeflicients were 
not strictly accurate, or that the amplitude scale was not true this 
would.not influence relative gravity, since the corrections were calcu- 
lated with the same instants throughout. The mte of the ehiouoin- 
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eter was <leteriuiiii;il ejicli iiiglit Inuii atar observationa aod also from 
observations before iiiul alter the gravity dotermiiiations, in order to 
det«et any irret^iilarity in the rate during the interval from night to 
night. Thu result of tliiu investigation wan that greater irregularities 
were foun<l in the corrections for rate, but it is doubtful ^vhether these 
variations wore really in the movement of tbe chronometer or whether 
the p«!ri«d oC two or tliree hours was not so short that they came froiil 
uueertaintieH iu the corrections themselves. Under either supposition, 
however, the result tor the variation of gravity for the year is unchanged, 
because when we apply these coiTections, deduced from determinatiocs 
before and iiftei' tlie peudulum work, we get practically the same result 
for the periods of ctintiau<tus work witli each peudulum. For exam- 
I»le, for those i>erioils wlieu U^ was swung continuously we have the 
following differcuces in the rate corrections by tlie two methods: 



It ap|>eiu's, then, that wo can imt explain the progressive change in 
])eri(.d dnriug tlic yeiir by using cliM^k corrections computed from short 
iutervals extending over the pendulum work for ca<!h night, aud that on 
the average the etnrectioiia for short intervals do not differ materially 
from those adopted from the daily rates. 

It is now worth while to see what a change of ,o«Vo6 of a second in 
the iwriod of the pendulums represents in the dotermiuation of the 
iwriwi au<l in the corrections that are applied to it. In order to have 
a couvenient stmidard of reference, this effectt was calcul&ted for one- 
millionth of a sccimd, and we have approximately— 

A change of (MHMHWI- in the deduced i^riod is produced by an error 
of 5 seconds m noting tlm coincidence between the chrouometer and 

[wndulum (swing one liour long); 
of J uuu. in estimating both initial and flnaf arcs (swing from half 

aiuphtude, D-0 mm. to 3-0 mm.); 
of ty-'Mi C. iu noting the temiwrature <)f the peudulum; 
of 12 mm. lu notiug licight of manometer; 
of 0-2' per day in the nito of the chronometer. 

An error of ,,. A«9 of iv second iu the pendulum period would i. 
magnitudes at least twice those given above, 
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High and Low Water at Honolulu, Hawaiian Islands, from 
June 17, 1891, to June 30, 1S92. 

VARIATION OF THE SEA LBTEL, 

In coiinection with tbe variations of gravity, if sucli variations really 
exist, it may not be out of place to show the variations of the sea level. 

No ordinary movement of the tides, however, can sensibly affect our 
results, as has been shown both theoretically and practically by several 
eminent authorities. (SeeHelinertTheil, II, pp. 144, 15i>; Thomson and 
Tait, Vol. I, Part 11; Woodward Bulletin No. 48, U. S. Geological Sur- 
vey, etc.) 

Professor Woodward'.s equation is 



>=i-rsi><''"'"*''" 



vhere ■ g = acceleration of gravity. 

S = density of superposed mass. 
A =mean density of earth. 
»■ = radius of earth. 
&(p{fl) = thickness of superposed lenticular raasa at angular dis- 
tance from center of mass \h<f>{0) = ft, for ^ = 0]. 
0, = limiting angle of (i. 
If we take 9>(#) = cos2 and 0, =(iOo we have 



raJo 



cos20cos^ Oil 

If - is taken equal to -^ the al>o»e equation gives 

. ■'' _ . approximately 

which shows that a wave of the above form must be 31 feet high in 
order to change gravity by its ten-millionth part. 

The following table gives the times of high and low water at Hono- 
Inhi, together with the reduced height. The local mean civil time is 
given, the honrs counting from midnight. Interpolated values are 
given in brackets. The heights refer to the mean sea level for the 
period between June 17, 1S91, and June 30, 1892, This mean sea level 
is derived from all the stsiff readings for the jieriod under consideration. 
The table has been furnished by the Tidal J^ivision in the Coast and 
(xeodetic Survey Office from recoi'ds sent by the Hawaiian (iovernmcnt 
Survey, Mr. 0. J. Lyons, in charge of the Government Survey Oftiee 
at Honolulu, has called attention to the existence of a relation between 
the variations of latitude and the change in the sea level. 
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[^■45] 




1830 


-O'OJ 


23 00 


— o'So 




Vs 30J 


[40-05 




—015 


6 


8 00 


+ r40 








4 25 


+ 1-S5 


11 50 


-0-25 




•9 50 


+0-05. 


H 30 


— o-6o 




16 15 


+o'35 


21 30 


-0-50 


7 


830 


4-1-30 


50 


— 0-3S 


1892. 












zo 40 


-I-0-20 


15 30 


—0-50 


Jan. 1 


5 IS 


+ 2-IO 


12 30 


-0-90 


S 


830 










.630 


—0-30 




—1-15 




33 30 


+0-35 


16^^ 


— o-6o 




s 50 


+ 1-40 


1300 


-^;8s 














17 50 


-0-25 


22 40 





io,,= b, Google 



570 U. S. COAST AND GEODETIC SITBVEY. 

Hij/h and Jaw water, Honolulu, HaieaHaa Inlands — Cootimieii. 



DhI,:. 


HiKh 


-at.r. 


Cor- 


„.,«. 


Date. 


HiKh water. 




■&,,. 


Reduced 


Reduced 


Ccr- 


Reduced 


Cor- 


Reduced 




Xi:' 


height. 


"^'■ 


helghl. 
Felt. 




't^^. 


heiRhl. 


7iiie. 


height. 


.S92. 


A. ». 


/■«/. 


A. m. 


a^2S 


h. m. 


/;. m. 


Feet. 


Ja>.. 3 


630 


+ I-20 


n S" 






3 30 


+ '■35 






75 




IS 45 




23 40 


-0-80 




IS 40 


— 0-25 


20 4S 




IS 




7 00 


fi-oo 


14 00 


-O-go 


29 


4 30 


fi-5o 


M 30 




80 














16 .5 




21 30 




i° 


5 


7 50 


-1 080 




-0-50 


30 


430 


4-1-40 


" 35 




80 




21 30 


■l-o-io 


15 10 






1650 


-i-o-io 






95 


f) 


8 30 


+065 


2 IS 


-O'lS 


3' 


5 "> 


fl-40 


12 30 




P 






+o>(io 


'5 SO 


-0-7S 




17 so 


4-0-10 


23 00 


—0 


85 


7 


830 


+OSS 


430 


t-o-io 


Teh. I 


5 so 


4-1-30 


12 55 




80 








If. 00 


-o'fiS. 




IS 30 


4-0-2S 


23 30 




7S 


■"* 


10 S 


" \-\-oc' 

(-0-30 


6" 50 
'G30 


■070 


^ 


"Mo" 
'9 30 


4-1-00 
-1-0-50 


13 20 


"-^ 


«S 




030 


t ''35 


8 'S 


-0-05 


3 


7 15 


-|-0-()O 


30 




30 






10-05 




-o-go 




20 30 


+0-60 


'3 30 




90 


:o 


12 IS 


\ '-35 
-o-.s 


9 45 
18 40 


-0-40 
-0-95 


4 


7 50 


+0-35 
+o;6s 


14 To 


—0 


8S 










-0-65 


s 


9 30 




6 10 




OS 




14 15 


-0-30 


1840 


-1-05 




23 30 


+0-85 


IS 00 




70 




s 55 


1 I'So 


II 30 


0-70 


6 


9 00 


-o-is 


7 00 








■ 5 00 


-0.25 




I -OS 




_-.-..-. 




"5 .30 


~o 


75 


'3 


3 45 


-1-1-70 




-0-50 


-__.__ 




4-1-00 


S30 




45 




'5 45 


|o-io 




o-Ko 




11 30 


— 0'30 


i6 20 




75 






-)-!-6o 




- -o-SO 






+ I'2S 


J 45 




50 




16 IS 


fo-is 


21 40 


-0-80 




13 00 


— 0-3S 






8S 


'5 


4 40 


l''5o 


12 45 


-0-70 


9 


' S^^ 


-fi-20 


9 '5 




70 




17 3" 






--o-So 






-0'2S 


19 20 








5 30 


1 i'3o 


13 00 


-0-70 




2 IS 


4-iiS 






70 




iS 30 


fo-os 


23 30 


■075 






-0-25 








17 


« '^ 


■fi-io 


'3 '5 


-0-7S 




3 30 


+ 1-25 


1040 




90 




18 S5 -l-o-sS 


23 55 


—0-40 




15 45 




20 50 




15 


"T8 


6-3V 


fl-lo. 


■3 40 


-070 


^[2 


3 50 


""-fFfo" 


11 00 


'— 


90" 




■9 30 


f.O'20 








IS 50 




21 30 




30 


19 


7 20 


l-o-Ss 




-0-30 


'3 


4 20 


+ I-0O 


11 30 




95 




20 30 






-0-60 




16 40 




21 30 








7 50 


1-0-70 


1 30 




'4 


■t 4S 


-fl'OO 


11 50 




ss 




23 -s 


+0-25 


15 00 


-0-6S 




17 33 


-Ho''5 






70 




8 10 






-0-15 


15 


S 20 


--0-90 


12 15 




70 




=3 'S 


l-'>'55 


■4 50 


-075 




18 00 


4-0-30 


23 30 




50 




.9 20 


-fOEO 


6 00 




16 


6 20 


--0-65 


13 20 




75 


13 


-"o'io- 


l-o-iis" 


'5 50 
6 40 


-t:^2S- 


"17" 


1900 
6 60 


4-0-40 








-+-0-55 






40 




9 45 


:°''J 


16 30 


-o-8o 




'9 45 


4-0-40 


13 IS 




80 


14 




fo-8o 




--0-35 


18 


640 


^-o■2o 


1 30 








u 45 


-O-Jf, 


17 40 


.-0-95 




20 so 


-fo-3S 


14 00 




70 


2S 


' 30 


fO-yo 


IS lo 


-o-55 


19 


6 30 










26 


13 00 


"■45 
4-1-10 




-I -00 
-<D-6s 




'850 


+O-S0 

--0-20 


1400 
s 40 


lo 


75 




'3 40 


--0-40 

+ I-20 


1900 


[■OS 




23 00 


■fo'55 


14 40 




75 


27 




9 40 


-075 




9 40] r-o-3o] 


40 


[ 


wl 




IS 00 


-o-js 


19 30 


■ 10s 




in 35l'[+0'6s. 


t'5 35] 


t-o-8ol| 



„Google 



REPORT FOB 1893 PART 11. 

High and low icaler, Honolulu, Samaiian Islandt—Ctiatii 



D„. 


High -valer. 


Loww«.r, 


Date. 


High water. 


Low wate.-. 


S^ 


rs£f 


re'cled 


Keduceil 
heighl. 

Feel. 


£^ 


iieieht.' 


Cor- 


Reduced 
height. 


189^. 


i. m. 


J>Wi. 


i. m. 


1892. 


//. m. 


Feit. 


k. m. 


Feet. 


Feb. 23 


10 30 


~0'4S 


[8051 


-0-50 


Mar. IK 


7 00 




300 


—0-40 








16 30 


-0-90 




19 50 


+0-60 




—070 


'3 




+075 


9 30 


—07s 


»9 


7 25 


-0-40 


3 55 


— 0'3S 




'3 30 


— o-6o 


18 10 


^■8s 






+0-6S 


.2 30 


— o-So 


24 




+"•95 


9 45 


-o;8s 




9 50 


-0-55 


6 30 


— o-5o 




r3 45 


—050 


.830 






22 rs 


10-6S 


13 10 


—070 




2 30 


+ 1-10 


10 30 


-0-85 






-0-4S 


7 00 


-060 




14 40 


-^■30 


19 45 


— I -00 




23 30 


+07S 


14 00 


-0-65 


26 


2 45 


+ I-ZO 


10 30 


—0-90 




u 30 


-0'40 




-070 




'5 30 


— o'i5 


30 45 










17 00 


—0-65 


if 


3 30 


+ '■30 


II 00 


—0-85 


^^3" 


~ To " 


+0-90 


840 


—olio 




'5 SO 




21 30 


— I'OO 








16 50 


-070 


28 


4 30 


+ 1-25 




— 0-9S 




40 


+ I-IS 




-070 






+'■•15 




—0-95 




'3 40 


-o-os 


i8 25 


—0-65 


29 


4 45 


+0-90 






25 


1 30 


+ I-20 


830 


-070 




17 30 


+0-40 


22 45 


-0-80 




>4 15 


+0-20 


19 50 


-0-65 


Mar. 1 


Alo 


+0'65 




-1-05 


If, 


2 25 


+ I-2S 


9 30 


—070 






+0-S5 


23 45 


-o-ss 




'5 00 


+0-45 




— 0'6o 




5 '0 


+0-4O 






27 


2 40 


+ 1-IU 


9 45 


—075 




IS 45 


+o>6c. 








'5 30 


+o6s 


21 IS 


— o-to 


^3" 


5 40 


+ 0-05 




"^■45 


28 


3 'S 


-t-o-^" 


10 IS 


"—07s 




20 45 


+065 


12 30 


-I 'OS 




.6 IS 


+o-8o 


22 45 


-o-so 




6 00 


-o-is 


3 30 


—0*35 


29 


3 50 


+0-50 


10 30 


-0-S5 






-|-o'6o 


13 00 






17 00 


+0-90 


23 IS 


-050 


5 


9 30 


--O'40 


7 00 


—0-50 


30 


5 'o 


+O'4o 




-0-8S 




23 50 


+0-80 


14 00 


-0-85 






+ 110 






6 


10 30 


^0-50 


7 30 


-o-ss 


■ 31 


5 '5 




I 30 


—0-40 




23 50 


+o'S5 


15 40 


-080 






+ 1.I" 


u 30 


—0-90 


7 






7 30 


-075 


Apr. I 


6 40 


-0-20 


3 >5 








—050 


17 00 
S30 


—0-65 




20 30 


+ ■■05 

-0'40 


4 30 


— o'90 
—O'SS 


8 


50 


+0-95 


-07s 


—-— 


830 




13 50 


— 0'4o 


18 30 


—0-90 




21 15 


+ I-OS 




—070 


9 


' 45 


+0-90 


9 35 


-O'So 




9 50 


— 0-45 


6 15 


— o-6o 




14 00 


-030 


19 15 


-0-90 




21 50 


+0-9S 


13 SO 


— O'SS 






+o'85 


9 40 


—0-80 




11 45 




7 00 


-075 




■4 50 


— 0'i5 




—0-90 




23 15 


+0-90 


IS 45 


-o-6o 




3 'o 


+0-90 




-075 




12 20 


-0-30 


7 30 


—070 




<s 30 






^-9S 








17 IS 


-O-SS 




3 45 


+ 070 


10 IS 


—0-90 




IS 


"-fO'So 


18^ 


-070 




'5 45 
405 


-0-05 
+o-6o 


10 30 


-0-85 




13 10 


— 020 


-s-^ 


— o-So 


■3 


—0-90 




30 


+0-6S 


—075 




1630 


+0-20 




—070 




'4 30 


+0-05 




-o-5S 


H 


5 00 


+0-45 


10 50 


—075 






+0'65 


830 


—070 




17 20 


+0-2S 


22 30 


-0-65 




14 30 


+0'2O 




-o-6o 


15 


5 30 


+020 


II IS 


-0-80 


9 




+0-65 


9 00 


-070 






+0-50 


23 so 


-O-SS 




IS 00 


+0'40 


20 30 


-0-4S 


16 


1i 


+0'10 

-fo'so 




-080 


:o 


3 00 
IS IS 


+0-S5 
+070 


9 30 
21 30 


-o'6o 
—0-50 


17 






30 


-040 




3 30 


+O-S0 


22 (S 


—07s 




18 40 


+0.5S 


I. 45 


-080 






+07S 


"" 


—0-50 
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U. 6. COAST AHD GEODETIC SURVEY, 

Sigh and low water, Honolulu, Bmealian Itilands^-ContiauoiSL. 



1892. 


HiBh 


w.ur. 


rented 
time. 


ts? 


.... 


High 


water. 


Low water. 


7ime'. 


Reduced 
height. 

Feel. 


wrtid 


Reduced 
heieht. 


COE- 

lime. 


height. 


i. m. 


*. ™. 


/..,. 


1892. 


k. m. 


Fftl. 


6. m. 


Felt. 


Apr.iz 


i 30 


+0-2S 


9 35 


— o-8o 


May 7 


so 


+0-6S 


8 00 


—070 




.625 


4-0 ■80 


23 10 


-0'45 




14 20 


+070 




— 0-2S 


■3 


4 '5 


H^0-20 




-"TS 




1 15 


+O'50 


S 15 


— o-6o 




16 50 


+0-90 








■4 30 


+080 


20 40 


-0-30 


'4 


4 30 


-005 


40 


-o-So 


9 


2 30 


+0-40 


8 35 


—070 




17 25 


fO'9o 


9 45 


-0.S5 




■ 5 00 


+ roo 


21 45 


-0-40 




5 zf 


-oiS 


' '5 


-0-4S 






+0'20 




-0-85 






+090 




-0'85 




'5 40 


+I-IS 


23 'S 


—0-45 


16 


6 00 


^040 


2 so 


-050 




3 30 


+o-ts 


850 


-0'8q 




19 00 


+0-SS 




-0-8S 




ir. lo 


+ I'35 






~~ "1 r 


(, 30 


-0-4S 


3 30" 


-0-5S 


"12" 


3 50" 


O'OO 


~~o 'oo~ 


"—0-50 






+075 




-070 




16 30 


+ I-2S 


9 20 


-0-85 


iS 


7 00 


— 060 


4 30 


-0-65 


'3 


4 45 


-O'ls 




— 0-6o 




21 40 


+080 




-O'hs 




17 30 


+'■25 


9 45 


—0-90 








6 30 


--0-55 


14 


5 40 


-030 




— o-6o 






+ 0-80 


14 30 


-0-4S 




)S 30 


4-1 '20 




-0-8S 




1,1 00 


-025 


7 00 


-O'fio 


15 


6 00 


-o'3o 


2 30 


— o-6o 


21 


ii 10 


+0-95 


16 00 
7 00 


-0-40 
-o-6o 


ili 


18 50 
7 00 


+ '■15 
—030 


■0 35 
3 30 


-075 
—0-60 


22 


'^50 


" f o-«5 


'7 '5 
7 30 


-050 
—070 




19 45 
~S"6o" 


-fi-oo 


'1 '5 

3 30 


-070 


'7 


—0-40 


—070 




'3 45 


fo-25 


18 00 


-050 




20 45 


4-I-00 


n 50 


-0-5S 


=3 




.(-0-9D 


S 00 


-070 


18 


1045 




5 00 


-075 




i.i 50 


+-0-4S 


'9 40 


-oso 






■fo-85 


13 CX) 


— o'4S 




1 45 


+0-8S 


8 40 




■ "9 


12 OS 


-o-'5 


5 45 


-o-Ko 




14 30 


+ 070 


2045 


-o'SS 






+07S 


IS 00 


-0-30 


=5 


2 4f 


I-0-6S 


8 so 


-0-9S 




'2 45 


+0-15 


6 00 


-080 




'S 30 


1 :-i5 


21 SO 


-055 






+0-65 


'7 30 




2U 


3 30 


f"-3S 


9 00 


-0-9S 




13 00 


+045 




— O'90 




16 00 


f"_-3S 


23 30 


—oso 




-^J-15^ 


+o-6o 


18 50 


—0-30 


27 


3 55 
17 IS 


+ I-40 


9 45 


-1 .0 


—ii 


13 55 


+07S 


-7-00 

20 IS 


— o'95 
-o'35 


28 


5 00 






—0-50 


23 




+ 0-2S 


7 00 


— I'OO 




'7 5" 


l-'-45 








'4 '5 


+'■15 




-050 




5 45 




' "5 


-o-6o 


24 




+0-10 


8 00 






1.1 31 


-t-i-40 


TO so 


-090 




'4 5" 


+ I-40 


22 25 


— o'6o 


3f 


6 y^ 


-OJO 


2 30 


-0-65 


zS 


2 45 


-00s 


8 30 






'9 3" 


1 1-30 


II 40 


-075 


1 '5 30 


-fl-4o 


in 35] 


( -0-70] 


Miiy 1 


7 00 


-(1-40 


3 30 


-o-fio 


=6 [ 3 357 


[^0-20] 


9 10 




, 


low 


fl-lo 
-"■45 


II as 

6 30 


— o-6o 
-0-65 


"z7 


■6 15 

4 30 


+.■50-' 




45 


"i^-"So" 


040 




21 40 


t-i-oo 


14 .1° 


-0-3S 




'7 25 


-fi-So 


9 45 




3 


" '5 


-0-25 


<> 15 


-065 


28 


5 30 


— oso 


' 45 


-0-85 




22 so 


f I'OS 


14 30 






18 30 


+ '■45 


10 30 


— 0'90 




12 30 


+ 0-10 


7 00 


-070 


29 


7 00 


-040 


230 


—070 




23 20 


+ 0-H5 


17 20 


-0-2S 




19 30 


+ l'20 




—0-80 


S 






. 7 '5 


—070 




7 40 


-0-40 


3 30 


— o-8s 




13 30 


-fo-40 




- 030 






-l-.'OO 


'I 45 


-o-6o 


fi 


IS 


+ 075 


7 30 


-oSo 


31 


9 20 


— o'3o 


4 'S 


—0-80 




13 45 


+o'5d. 


19 30 


~0'25 






+o'8s 


■2 30 


-o'so 



■/Google 





High wue.. 


iDuIec, HoHofulH, 


Havsaiia 


« /»f«it<I«— Continued. 






Date. 


Low 


water. 


DalG, 


H,Bh «.«er. 


I.o»,v.„. , 


Cor- 


Reduced 


Coi- 


Reiluwil 


Co- 


Hedueed 


Cor- 


Reduced 


189^. 


h. m. 


hdghl. 


*. m. 


heighl. 




limp. 


/■n-t. 


time. 


height 


Ffel. 


1892. 


Junel 


11 30 


-0-15 


5 00 


-075 


J«»e>6 


1045 


-015 


3 50 




90 






+070 


13 50 


—0-30 






+0S0 


13 30 




40 


^ 


Ki] 


[+o'S5: 


r 5 ^S, 

■5 40, 


[-0-25] 


17 


1. 15 


+o'6o 


4 3" 

'S 40 


^0 


35 


3 


12 40 


^■o-4o 


L6.0: 


[-°:H 


iS 


M 30 


+040 


5 00 












17 35 






22 30 


-f-o-30 


17 40 




25 


4 




+0-40 


7 00 


-0&) 


'9 


12 40 


+0-80 


5 15 








1300 


+0-S5 


18 40 


-0-35 




'3 SO 


-l-o-os 


18 50 




30 


5 


30 


i-015 


6 30 


—0-90 








6 00 










+070 










f-i-oo 






50; 


6" 


I 'S 




7 00 


"-'1-05 




30 


-015 


" i> 40 


;, 




7 




+O-80 
-0-05 


21 15 
7 30 


-0-45 
-0-95 


22 


14 00 

> '5 


-i-i-3o 
-0-30 


31 45 

7 30 


7° 


50 




14 30 


+095 




--0-60 




14 40 


■f '45 


22 30 




70 


8 


1 45 


—0-30 


7 30 


-I 05 


23 


2 30 


-0-50 


8 00 








15 10 


H-iio 


22 So 


-"■55 




'5 ^° 


+ 1-50 


23 40 




70 


9 


3 30 

'5 30 


T?:S 


23 45 


-S:g 


24 


[16^1 


--0'45 
[hi -SO] 


840 


-' 


25 




3 50 


_0'4o 


830 




25 


:4 4o: 


-0-40; 


["°"'5] 




70] 




16 30 


+ <-3o 








17 00 


■i-i-ss 


9 20 






11" 


4 40 


—0-40 


~O~20~ 


— o'Oo 


'ie 


5 20 


-o'3S 


45 


^ 


(■r 




'6 55 


J-1-20 


9 '5 






17 45 


+ 1-35 










s 30 


-0'5o 


40 


-o-8o 


27 


6 00 


-o'35 






65 




'7 30 


+ ro5 


9 30 






18 30 


-I-T-20 


11 15 




85 




45 


—0-60 


2 30 


-D-8o 


28 


645 


-o-ts 


2 45 




70 




■ 8 30 


-!-rio 


10 30 


-0-95 




19 30 


1-0 -95 


" 35 




70 




; 00 


-0-45 


2 30 


-075 


29 


7 30 


—0-25 






So 






+ .-OS 


10 50 


-o-8o 




['9 45] 


[fO'So] 


\2 30 




55 


'5 




-0-35 


3 00 


- 07s 


30 


: « 15: 


[-(.■20' 


[3 45] 




90I 




JO 30 


+o-8o 










+0-60 


12 40 


:0 3o-| 
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Tlie meauH being taken for iiitervala of live days, mill tliese ineaiis 
heing again coii&oliddted for eiwiU successive gi-oup of five, we have the 
following table: 

Jtelalive heigbli »/ mean sta level al Hvaululu, Hawaiian hlaiid«, from June, 1S91, to 





Mean sea 




Mean,«a 




Meanwa 




Mean sea 


M«n .liu. 


level 
five days). 


Mean dale. 


(IweMy-five 
day8>. 


Mean dafe. 


fivedtys) 
Feel. 


Mean date. 


(twenty-five 
days). 


iSg.. 


Fed. 


1891, 


/•rrf. 


l891-'92- 


l8<)l-'t)2. 


Feel. 


Juno 19 








Dec. 26 










24 


- -42 






3' 


■1- 


03 






29 




June 29 


-0'25 


Jan. 5 










J«ly 4 
9 


.; "J 






'5 


4- 


OS 


Jan, IS 


-0-04 


■4 

'9 


— '08 

4- -13 






25 


4 








24 


4- -02 


J"iy 24 


-1- 03 


.io 










29 


4- 'OT 






Fd,, 4 










Aug. 3 








9 






Feb. 9 




8 








14 




16 






"3 


|. -07 






'9 










18 


4- -'4 


Ah,,-, is 


+ ■■9 


24 




32 






23 


1- ;36 






29 




'5 






28 








Mar. 5 






Mat, S 




St[,t. 2 
7 

'7 

27 


4- -4° 

+ 'JJ 

4- -40 
1- -34 

4- -44 
1- -36 


Sept. [2 


i- ■3« 


'S 

30 
Apr. 4 


- 


26 
'9 
27 


Mar. 30 


-„ 


7 
'7 


4- -26 

-- -17 
■iH 


Oct. 7 


1- -^s 


9 
14 
■9 
^4 
^9 


ii 


05 

04 
08 


A]>r. 24 


- -oy 


27 


4- -14 






May 4 










Nuv. I 


4- -iS 


Nov. 1 


■1- ■-" 




|. 


06 






6 


1- 'iS 
4- -3^ 






■9 






M.y >y 


- -oS 


31 


I "4 






29 




06 






26 


t 12 

4- -'2 


N..V. 26 


4- -'S 


""" I 




09 
'9 






6 


1- 12 






'3 


- 


26 


June J 3 


- -'7 


16 


1- -o: 






23 




m 








4- 'OS 


Itc. 21 


1 -04 











„Google 



REPORT FOR 1893 PART II. 

These values are plotted in tlie accompanying illustration. 
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Maghbtkj, Gkavii'v, and Latitude OBSBitvATioNa in cunkeo- 
TioN wiTU THE Expedition to the Hummit oi' Mauna Kea, 

AND AT HOME BUBSEQIIBNT STATIONS. 

In .luiie, ISOli, the liititude (letei-iiiiiiatioiis were discontinued at Wiii- 
kiki. and Hnmiliilu wuh oociipied foi- magnetic and gravity observations. 
'I'hi! ma(;neli(5 work already dono ut Waikiki iiiid Kaliukn is, for con- 
veuieiLce of lefereiiee, also given in what follows. 

DKKCBll'TiON OF MAGNETIC INSTRUMENTS. 

The thwwlolite magnetometer is the ssime as the one taken to Africa 
ill 188!t-'!X). It is deaignatcd as No. 11, United States Coawt and Geo- 
detic tinrvcy, and was remodeled and iiniiroved at the ofH('« iu July, 
1887. Thu telescope has an ai>erture of i^*". The horizontal and verti- 
<;a! circlett arii each I«'"' in <liauieter. The gradnation is from left to 
right, and angles maybe read to single minutes by means of two oppo- 
site verniers. Tlie dimensions of the inagnets are: 

".V L„ lengtli = 7-1"'", diameter = O-S'^"' 
.V ^'ii '■ =5-8 " = 0-8 

Till- ring nsi'd iu determining the inonient of mass of the intensity 
magnet (.V /-n) had the following dimensions (C. y. Bcliott, October 31, 
188!)) : 

*■ = inner ractiiis = I'4749""' 
/■i = outer ■' = l-8i)0(i 
(P = woight = l'J-48!»m grams 

from which 

.1/,, = J (/■' + *-i') a- = olrmUl 
lit lll"-7 ('. orOa^-O F. 
Moment of mass at teinperatnre / = M, 

ir, = M., [i + -jc{,- („)] 

where e = coellicient of ex])aiisioii for 10 0. = (l-00(101il and 
log M, = l-748'll + O-WtOOKiS (( - lGo-7) 

The vahie of I division of scale of long magnet {7f i,,) was det«r- 
miniHl five limcsdHring theseason, giving a mean result of 3'-08. This, 
i-onibined with th« African value, 3'-73, gives a value of ;!'-70, which is 
adopted in the i-eiluction of the observations. Increasing scale read- 
ings correai>ond to decreitsiiig circle readings. 

The mouiont of mass of the long magnet (Jf Ln) detennined at 
Washington by Mr. Braid is»;V748 J: 0094 (C. G. S. units). This value, 
however, includes the moment of the small bahvncing ring (ff). (See 
Appendix No. 12, Report ISitll.) Deducting tliis we have for the 

*.V£ii ilouignatex new loug iiisgiiet of No. 11. 
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moment of mass to be useil in tli« work of 1S91-1I2 ;t vulmi of !>4-,'i0;i 
at Ji teiiiiierature of KJo-T 0, 

log Mat temperature t = 1'9T453 + 0-0(1(10100 {t — ](io-7) 

Temperature coefllcieiit {'/) of N L„ = 0-(«)10.S for !« F. and 0-00194 
ioL 1° C. 

IiidnetioiifiKitor (A) in (!, (l.S. iiuits = (t-(l457 d. 0-000(> ((;. S. Scliott, 
December C, 1890). 
Imliietioii coefllcieiit /( (= wh) (0. (i. M. units) = (l-fit .|_ ()-(j.S;it(i2o F. 
To correct osnilUitiotis for induiitioii 

to loy 7y add log (1 + /t 77) 
To correct tlcHectionsfor induction 

to lo5i "t add loy (" 1 + ?^- W 0-000L'(» ti.c /■ = 30-.>l'''" 

= O-dOOOU f.n- r -^ -to-TS''" 
rirst. (I'strilLmlion eoellicient of iV /v,, = /*= _! -|- 1 (O. (1. H. units). 

For «li.jrt dclleetiny distance (/■ = 50-r»-l"") loj,' f' I — ''' \ = {H)iilH2 
" long " " (r = 4o-7.S'"') " '• = (HlOOSli 

EednctioTi of niugiietic moment (m) of intensity intignet [N' L^,) to 
l()0-7 0. = m ,„'■-, = w( [1 + (( - lCo-7) X «-(K)104] 
l(^ /« „■, ^z lojr ^« .]- iu„aui,.s X 0-OOI94 {/— i6°7) = 1,,),' ^n + a-ooca4(r- i6°.7) 
S. Kx. Ill, Mt.. 2 37 
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Magnelic 




SUlion. 


Date. 


CG.S, units) 


''s^is"' 




.88973 


'433 


3 


Amies Islanili 




^3 


140-4 




Otpe Verde Islinits 




86 


1407 




Africa: 
















'34 '3 




Gold Coast 




91 


iz8-9 




I^nda 




96 


129 '4 


3 


Cabin 




97 


135 




Cape Town 


!8go 


07 


'34-2 


5 


St. Helena. Jamestown 




15 


'33 9 








'7 


'337 


3 


Ascension Island, (leoi^etown 






'33-S 


3 


Green Mountain 




33 






Barbados 




33 


'33*3 


3 


liermuda 




39 


I3J'9 














Wailfik, 


1891 


62 


129-6 




Kahuku 




90 


1J8-8 




Honolulu 


.892 




127-9 


3 


Kawaihae 






12S-5 




Waimea 




5= 


1280 

I2»'8 


J 






54 


128-3 




Waiau 




56 


123-6 




Hilo 




58 


127-1 




Naiioo|ioo 




64 


1247 


3 


Waimea A 




67 


1250 
1 25-0 


3 


" I! 






124-0 


3 


Ni.ii<.pa]i!i 


70 


■35-4 
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SuHiinarit of time and oHmulh resiilta t« connection with magnetic ohaerealiong. 



Stutior. 


Date. 


Epocl.. 


to ctiro- 


7£' 


P.:...™a.. 


Adopted posilion 




r89i-'92. 


i.\.r 








Waikiki 


Aug. lo 

'3 
'5 
'5 


8 23 p. ™- 

8 'il 

8 00 a, m, 

5 30 P- m. 


- 8IO-9 

- 8 276 

- 9 22 


— '7 


N. I S3-OE. 
N, 1 51 .4 E. 


N, .5 = -2E. 


Kahuku 


Ko..„ 


D 00 a. m. 
3 00 p. ra. 


— ' 54 


-58 


S. 65 8-S W. 
S. 65 6-4 W, 


S. 65 76 W. 




17 


9 30 a. m. 


■ 3 37 






Honolulu t 




9 00 


+ 037 


+ 2 


N. SS 20>o E. 


N.5S20 0E. 


Kawaihae 


30 


5 00 p. m. 


+ 4 03 




S. 2S 2-7 E. 


S. 25 2-2 E, 




July 3 


5 00 


+ 3 33 




H. 25 i-8E. 


Waimea 




9 30 a. m. 


_ a6 




S. 81 40-2 K 






9 


4 30 P- m. 
9 30 a. m. 


— 42 
-065 


— i; 


S. 81.51-4 E. 
S. 81 s8'3 E, 


S. 81 503 E. 


Kftlaiehi 


14 




+ ?■ 50 




N.63477W. 






IS 


8^^ 


4- 3 33 


-iS 


N. 63 54-6 W. 


N. 63 483 W. 




>5 


8 40 p. m. 


■\- 3 25 




N.63 45-3 W. 










+ 3 54 




N. 22 8-0 W. 


N. 23 5-6 W. 








+ 3 47 




N,M 3.2 W, 


Hilo^ 


30 


7 50 a. m. 


+ 18 28 


4-20 

-56 


N.72 41-OE. 






31 


9 40 


+.850 


N. 72 43-1 1;- 


N. 72 37.6 K. 




Aug. I 


9 TO 


+17 46 


N.;2 497E. 






3 30 P- ™. 


+ 17 45 




N. 72 30'S E. 




Napoopoo 




4 30 


-548 




N.78 18-7 W. 






"9 


9 10 a.m. 


- 6 18 




N.78 14-6 W. 


N.78 22-7 w. 






2 45 P- m. 


-645 




N. 78 28-8 W. 




Lahaina 


33 


9 30 a, m. 


H- 10 




S. o5r4E. 






24 


9 00 


[- 4'] 


—24 


S, I 5-3 E. 


S. 1 O0-4 E. 




25 


9 20 


- 38 




S. I 4 5 E. 




Waimea A 


f^ep«, 2 
3 


§S 


4- 09 
- 009 


-18 


S. 39 37-2 W. 
S. 39 44 '2 W. 


S. 39 407 W. 


Wwmea B 


S 


8 25 




-u 


S. 74 35-3 I-:- 






6 


825 


— I 16 


S. 74 25 '5 E. 


S. 74 33-8 E. 




7 


8 10 


- I 38 




S. 74 39 -6 E. 




, Nonopapa 


9 


8 5-= 


~ 4 42 


—18 


N. 4 ■3-6 W. 


N. 4 I3'6 W, 



jt-exiriS 



tt HlLo watch No. 7903 was used. 

MAGNETIC OBSERVATIONS AT WAIKIKI, 

These observatioua were made on August 11, 12, aud 13, 1891. As it 
was necessary to continue the time, latitude, and gravity determinations 
throughout the year, an epoch was chosen for the inagnetic work which 
would least interfere with the regular observations. Accordingly, about 
the middle of August, just before changing tlie groups of stars then 
being observed for latitude, the magnetic work was undertaken. This 
implied almost continual observation and computation from 6,30 a. m, 
to 11 p. m., and involved the determination of the magnetic declina- 
tion, dip, and horizontal intensity, with three sets of observations for 
time and rvzin^utli with the tbeo<}oIite ma^etometer, besides the regu- 
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lar work with tin; injuduliim :ippar»tuH, the Keiiitli teleswipf, luul tbe 
meridian instrument in the obseivatory. This was acconiplishctl with- 
out iiiiy aswistiince cither by a recorder or aid. The limit of satisfac- 
tory work WJ18 prohahly reached in tliis sehenie, as a full day's magnetic 
work, followed by fi\e hours' night observations, iibonb exhausts an 
ordinary observer's eiipaeity lor good work. The station was situated 
near the iwtionomienl observatory and on tlio property of Mr. J. F. 
Brown. The sk<^teh on iiage 581 gives the location. 





Ncc 


k N..- 






3y 


S' 


4 


S. 


^0 


S6 


40 










06 


J'j 


5" 




06 


39 


SM 








'ill'^mil'y' 


^^^llllt 


- = n. 


uiagnci. 


iJyws. 




03979 


\7l ■ 


0-297" 




■291,2 


1294 



Tiikiiifradvaiit; 
eolleitgue on tlii' 
from Wiiikiki, a 
extreme north en 



onsEliVATIONK AT 

■ an intcrviil of omt week in Koveniber, when my 
iLiitionul latitude work wmn necessarily absent 
lit' iiiiiKnetio determinations was made at the 
uiiiipjuiied by Prof. W, I>. Alexander, 



1 left Waikiki .111 the morning of November 24, taking the steam cars 
from iloiioluin lo V.\s& and riding from Jlwa to Kahuku, a distance 
of ;j(l miles. We arrival at Kahuku la(« in the evening. Observa- 
tions were begun e;nly next morning and continued until about l.Stt 
ji. m. on the l-'itli, when we started for IJonoluln by way of the Pali. 
Stopping over night at Kualoa, Waikiki was reached the following 
afternoon and the observatory work was immediately resumed. Less 
than live days' absence were neeessaiy for three full days' work at a 
Btatiou 40 miles from home, the distance being nnide both ways on 
horsebaek over a diiri.'ult road. The statioTi occupied was situated in 
the front yard of the Ivahnku much cottage. The cottage is about 
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Sk^tch^ or MaanjiO'x; Staijjon. at, 
Wbd.ki.ki.,HccH'aJjjOLn. Ids. 
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tbree-flftlis of a mile south and about ODe-third of a mile west of the 
ti'igoiiometi'ical station on the extreme north point of the island. The 
astrououiical latitude of this station was determined in 1887. 
The following sketch gives the relative positions : 



Kahului. TrCdorvonntric Sta,. 

% 



Sketch- of J&thuAu., Afa^netic SOi/ion. 
PosUcon. or Trioonotn,. Sta,. 

LaJ-fGeotLeficK ZI'^Z'JS'Z 

Lona. ,, IST5S5S'S 




Ah»lru,.l o/i-tauIlK, liahidK, Oahu. 



Nov, 3S 41 o: j 41 Ol I 4, 3, 
'f> 4" 34 ! OS 20 





Needle No. ,, 


N. 

4' M 
Id 


41 iO 
38 


Me.n.- 


41 27 
27 
25 



■/Google 



KEPOET POE 1893 — PART 11. 

Abslrai't of reaulti, Eahuka, Oaha — Contiuueii. 

DECLINATION, DIP, AND UfXENSITr. 



„.... 


Scale read- 


^' 


S^"" 




late'asicy. 


Mignetlc 


1891. 


d. 




, 


= / 


IJyn.s. 














0-2932 


1293 




29-34 








31 




27 






>4-7 


245 


U 





OBSBBVATIOKS A.T HONOHTLU. 

Qranity — I>eaeription 0/ station, — The i(M;eiver was mouuted on the 
wimlow aill of tlie second story aoiitli room of tlio Kapuaiwa building, 
occupied by the Goverument Survey. Time observiitions were made 
in the observatory near by, and the chronometer used in noting the 
pendulum coincidences was connected with the chronograph so as to 
be used for the star observations in the evening. The oscillations were 
made generally in the daytime, as it was necessary for me to devote 
the evenings to either time observations at Honolulu or latitude obser- 
vations at Wailiiki, and, indeed, sometimes to both on the same night. 
The gravity determinations heretofore made at Honolulu were in 1883 
and 1887. At the flrst-nametl time the station occupied was the cellar 
of the Young Men's Christian Association building, on the corner of 
Hotel aud Alakea streets, and the instrument used was a pendulnm 
of the reversible type (No. 3), measuring 1 yard between the knives 
In 1887 the Kapuaiwa building was occupied, and the pendulums were 
hung from an iron bracket embedded in the wall in the first story of the 
building. The determinations iu tliis case were made with two pen- 
dulums, of which one was (No. 3) cited above, and the other (No. 4) of 
the same pattern, but having a distance of 1 metre between the knives. 
The small i>endulum3 employed in 1891-'!)2 were therefore oscillated 
at Honolulu not only to connect the long series of observations made at 
Waikikiwith a permanent station, but also to have an additional cheek 
on the work that was soon to follow on the Island of Hawaii. More- 
over, the permanent station in Honolulu would thus be connected with 
our contiueutal stations by means of a new tbrm of instrument, which 
would materially strengthen the result. 

The following are the i)6udulum observations aud reductions. The 
mean of the direct and reverse results are combined with equal weights, 
irrespective of the number of individual observations in each position : 
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Pendulum obeerliatlOBt. Honolulu, Havraiian Iaiand». 



■rr- 


Pn»> 


Swmg. 


Date. 


No, of 
vJs.' 


Tim. of 


Se.L.rc. 




Manom 


Barom. 


Pres- 


■^'te^"!" 


nltiBl, 


Final, 








1892. 




Sfeoniis. 


mm 


mm. 


° c. 


mm. 


mm. 


mm. 


Bi 


I) 




J«t,^3 




2263 'O 


4-8 


3 4 


25-93 


73-4 


76J-0 


630 










14 


2254-3 


4-9 


1*4 


28-52 


119-4 


766-2 


583 




R 


3 


24 




2260-S 


4-8 


3-5 


28-40 


214-6 


76S-S 


497 






4 


21 


16 


2263-1 


4-7 


3-2 


28-25 


229-0 


765 'S 


485 






5 


24 




2262 '5 


4-7 


3-5 


27-90 




765-3 


492 




R 


6 


Z4 




22665 


4-8 


V) 


26-64 




766-0 


SH 






7 


24 


10 


2267 '5 


4-S 


3*9 


26-34 


189-0 


766-4 


525 


n. 


D 


8 


25 


6 


2437 -J 


S-o 


4-3 


28-60 


166-8 


766-0 


540 




K 


9 


25 


4 


2441-2 


5-0 


4 4 


28-80 


160-6 


765-9 


546 








«5 


4 


2438-S 


S'o 


4-2 


28-85 


161 -0 


765-9 


545 


ih 


,, 


,, 


25 


6 


2614-2 


4-6 


3-8 


26-28 


97-4 


765-6 


60S 








25 


S 


2613.1 


4-8 


37 


25 '93 


88-2 


766 -o 


617 






'3 


25 


6 


2617-5 


4-7 


4-0 


25-48 


82-0 


766-4 


624 






'4 


25 


6 


26.5 -s 


4-8 


4' 


25-22 


65-2 


766-4 


640 
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SedHCtion of pendnlniH ob^ervalii/ne, Honolulu, BotoaiioB I»land». 
{Periodsrcduce^talemperatnie, 190 c.: pru9Bai«, 'lOI"- at 0" C.{ are iuDallely Hiuall: siili 



Periorf uncnrrecleiL 


Cor 


.c,i.n..„sev 




;;e). 














Arc. 


Tempiirature 


Pr^^ure. 


K.... 




&i,y»,/s. 










Seconds. 


0-501 1072 


-59 


—453 


— 103 


+ 326 


0501 0783 


i"5 


-3" 


-S61 


- 65 


+ 32S 


784 


1083 


—61 


-556 


+ 2 


+ 326 


794 


107 1 


—55 


—549 


+ '2 


+ 326 


805 


1074 


-59 


-S35 


+ 06 


1-326 


81 z 


»oS5 


-07 


-483 




+3^6 


820 


1050 


-67 


—47' 


~'° 


+326 


818 


0-50 [ 0797 


0-501 0277 


—75 


-564 


- 3< 


+326 


05009933 


0262 




-573 


-36 


+326 


901 


0272 


-7S 


-575 


- 36 


+326 


9(2 


05009920 


o-soo 9582 


-62 


-467 


-ss 


+ 349 


0-50093:7 


ys85 


-64 


-453 


--- 92 


+ 349 


325 


9569 


■ -67 


-434 


~ul 


+ 349 


3'9 


957S 


-70 


-424 




+349 


320 


0-500 9320 
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MAGNETIC OT3SEKVATIONS AT HONOMJLtT, 

The station was locateil in tlie public yanl near the Government 
buililiii^. The ma^netouieb'.r was »et up in rsinge with the uortheaat 
Hide (if the Kapuaiwa hiiildinj;, aiitl at a point which would give a clear 
lincof sight piist the Government liuilding to the trigonometric station 
(Piiowaina) on Punch Bowl hill. The dip circle waa placed under tlie 
(iliade of the banyan tree, a few paces distant. Time and azimuth 
obeervationa were nut iicieeaaary at this station, as tlie standard clock 



Ac 



Btxly. 



Shetch. oPHomobiJjLu Stations 

CL = Position, oP MccgnietometeT- 

b = , . Dip Circle 

c = . a Puo'H'aJ.na, Tfiqonjom,. Stc 

ct = . , AsO~on^. Obsy. 

e = u . pGndMiM/n, App<xraXujs 




of tJie Survey ollicewas kept rated for the regular time service, and 
the direction from the magnetic station to the trigonometric point on 
Pmich Bowl was accurately known from the Government triaugu- 
lation. The aiitmtith of t!ie line magnetic station - Punch Bowl, as 
furnished by Mr. C. .1. Lyons, in charge of the Survey office, is north 
550 20'-0 east. 
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MAGNETIC OBSERVATIOS8. 

jUintraet ofresatta, HoKotulu, Mateaiian lilanda. 
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QRAVITY OBSEBVATiONS. 

. Pendulum !>eriods B, = 0-5010797 

(Sidereal seconds) Jh = 0-5009920 

Bj = 0-5009320 

KAWAIHAB. 

Island 0/ Hawaii. 

Leaving Honolulu i:i tlie afternoon of June 28, on board the Kinau, 
we arrived at Kawaihae ou the evening of the 29tL. The party con- 
sisted of Prof. W. I). Alexander, surveyor- general ; Messrs. W. E. Wall, 
W. W. Chamberlain, Ijouis Koch, and myself. The first observations 
were made on the 30th. The work at this station consisted of gravity, 
latitude, time, and magnetic determinations. The station was situated 
on the property of the Hon. Samuel Parker, to whom, as well as to the 
general superinteudent, Mr, Paul Jarrett, our thanks are due for many 
acts of kindness. The connection between the astronomical station 
and the triangulation of the Government survey was carefully made. 
The general location of the property is between the boat landing and 
the Heiau of Kamehameha I, and about.one-third the distance fixint 
the Heiau. Hlustration !No. 27 gives the relative xwsitiona. Illustra- 
tion No. 20 shows the triangulation station and shore line. 
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r<>nition o/lutitude station at Kairaihae, Hawaii. 
i /"(tu Ka/tuaUi. 



f\South,B<JLse 



DisliiTic.^ rnmi I'liii Kiiitiiilii to iK.rtii L>;lSl^ = .j:'.77-47 ft. 
" " " " " sont.li " = (16t4-3!l '■ 



l.-tic, L riiii Kiiiiiiilii = lid 0;i 28-80 
' <//. = - (I (H Ti-nO 



(ii-«M].-t.ir M I'UTi Kiiiiuilii = l.j.-. 47 2T-1!I 
'• -'-1/ = + !) (I» 09-U 

'■ .If Rontli l»a.sp = l.W 47 ;t«-3.'i 

tuniMr iiasti t-i Kawaihae latitude stjiticiu: 
I. N .^>3" 4;t' I-;., 100 ft. to pPK "A" 
% \ fi Tm W., fiS.7 ft. to latitmli^ «tatiori 

I.iititii(l« Htatiiiii 128-77 a. iiortli of south base 

" " 71-L'lt " east ' 
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LatitiiiJt; L m\\t\\ base = 1*0 02 L'3-,S(I 
(IL =: + 00 ] -28 



// ljititiulestii.= !'(> Oli ;;5-08 



(LV = — (HI 0-70 

■' M' iatitii«k;«tii.= 15,5 -17 ■ 35-G3 

At this atiitioii aie tlie rcmn.iii.s of an ancient leiiiple, tiinions in ciHly 
Hiiwaiiaii Listoiysis tlio HCuiienfthe first steps by wliicli all the isliintls 
were i;uu»<>lidiit«il under onu goverunieiit. It wiiK here that Kiinielia- 
iiielia betrayetl iiiid iiinrd«ri!d his rival, Keoiia, baked his body iii an 
oven as a last indignity, and finally deposited it iu the temple on the 
altar of the war god. He wjis henceforth lecogniaed as the niasti^i' of 
Hawaii. A sketeli of this interesting Heiau from actual measnrenjents 
has been fnruishud by fiofessor Alexander and is given liere as a mat- 
ter of cariosity. [Illustration No. 28. j 

A remarkable feature of it is that although the early Hawaiians ha<I 
uo metal tools, and arc today poor mathematical reasoners, their tern 
])le3 furnish examples of qnite accurate right angles. One tested with 
a tlioodolite at Napoopoo was surprisingly near the truth. 

Magnetic observations were made on July 1, 2, and 3, The pendn- 
lums were swung on the 3d, 4th, 5th, and (ith, and time and latitnde 
were observed during the entire stay. We left ou the morning of the 
7th. The weather was generally favorable for work with the excep- 
tion of one or two occasions wlien we bad suddeu gnst« of wind from 
the mountains.* At this iioint preparations were made ibr the ascent 
of Mauna Kea. Packers and horses were engaged and the services of 
a guide secured. The connection of the astronomical station with the 
trigonometrical survey of the islaml was made at tliis station as well as 
at Kalaieha and Waiau by I'rofessor Alexander. Meteorological obser- 
vations were undertaken here iii connection with those made at Hono- 
lulu and Hilo, to be used subsequently in determining the height of the 
mountain. The i«nduhim receiver wjis mounted on a largo and mas- 
sive cast-iron wheel, firmly embedded in the ground. Tliiw was iiart of 
the machinery of an old mill and was fortunately found near tiie spot 
where it was desirable to use it. The tent was erected close by and 
the flash apparatus was set up inside the tent. The meridian telescope 
was also erected so near that the tent fly served as a i)roie(;tion during 
the day, and at night was release<l and thrown back while the star 
observations were in progress. The following are the results of the 
pendulum observations: 

u tboiintivo 1auguage,iiL contradiittinctioatotbe 
Mivctiiuuiimeofkoiiu. JOLn'^lc 



U. 8. COAST AND GEODETIC SURVEY. 
I'euihdiim oheerralione, Kaicaihae, HaifaiiaH Islands. 
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Bedaction of pendnlum obaervationa, Kaipaikae, Hairaiian lalandf. 
[PeriodB reduced to temperature, lE^C.^ prcaanre. WUf- at«° C; »rv mniiit«1y Hniull^ aiili 
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MAGNETIC OBSERVATIONS. 
AlisliuclnfrfbiiUK, Kan-aihac, Ilinnuii. 
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DV'.TKUMIWATIONS "IF J.ATITUDE. 

The liititiuhi work :it tli« llivce Htiitinii3 occupied fur gmvity was rnily of 
newimliny imiMHtivmc Only a, limited nuinbei' of iiairs were selected 
for observsitioii, iiiid at lYidaieliii tlic weather was w) unfavorable tliat 
but three liititude« were obfained. The iuetnimetit use<l was a merid- 
ian teloscope of :il inches focal len(;th, 2J inches aperture, aud mag- 
nifying l>ower of 77. One ri^volutioii of the niicronieter yave an angular 
value of li5"*S5. One division of tlie hititnde level is equal to l"-6(), 
and that of the striding level i« 2"-i!l, The inatniuient is known as 
Meridian Telescope No. -. In making the observations only one bisec- 
tion was made, and tlm level was not rea<l more than once, generally 
after the measurement witli the micrometer. The results are not coni- 
jiarublo in i>oint of accniacy with those made at Waikiki with the 
zenith telescope, partly on account of the inferior aecuracy of the in- 
titinnient, but principally because the pier was generally constructed 
under i>our conditions of stability. At Kawaihae and Kalaieha only 
a wooden pier was available, and at Waiau the great difiiculty of trans- 
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portation and labor made it necessary lo construct a very small auLi- 
structure. The rollowing tables give tlie mean placts and the individual 
results for latitude: e is the probable error and -i. is the proper motion : 
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Keittlt* of latitade obeervatiuag, Kawaikae, Bawaii. 
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On Thursday, ,lii!y 7, 1892, Waimcii was reached. At this station 
(inly magnetic obsfrvatioiis were made. One station was at the west 
end of the base line of the C.overament survey and the other was ideii 
ticHl witii the station occupied in 1872 by Mr. (J. J. Lyons. Additional 
horses and pack innlcs were engaged here for the ascent of Maiina Ke;i 
iiiid preliininaryaiTaiigementsinadeforthetrip. Throughout our stay 
the woilt was mueh facilitsited by Mr. W. L. Vredeul>urg. Our camp 
was established in his yard. Tlie party was also revijiientof other 
favors at his hands. Waimea is situated at an altitude of 2 600 feet 
above the sea level, witli a moist atmosphere. Nearly every afternoon 
tlic trade winds briiij; in rain, so that the observations were made witli 
difflculty. With so miicli regularity does the rain appear that it 
bet^omes to some extent a timepiece. In reply to the question, asked by 
one of our party, as to when school was dismissed for the day, the answei 
was that the scliool closed generally a quarter of an hour before the 
rain set in. The climate is well adapted to fruit, and the grazing lami 
is of the best quality. The following plants were noticed in one of tlic 
gardens : Figs, wild tomatoes, bananas, coffee, pineapples, taro, mangoes, 
canlidower, and sugar cane. The following is a sketch of themagnetit 
station occupied by Mr. Lyons in 1,S72 ; the other one is at the west end 
ot the base line and needs no further description: 
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Abstract of mapxetxv reanlls, Waimtu, Hateaii, 
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NoTB. — ^On July 8 the magnetic station was at the west end of the haaa line of the Gov- 
etnment survey. On July 9 anci 1 1 the alation was half a mile distant from tEie previous one, 
ill a point occupied Jn l8j2 hy Mr. C, J. Lyons, of tht; Sucvey sUff. 

KALAIEHA. 

Leaving Waiinea at 7.25 a. m. on July 12, we arrived at Kalaieba at 
5 o'clock in the evening, having passed the entire day in the saddle. 
The distance is about 30 miles. The roiul is not steep, as the elevation 
to be overcome between the two places is only 4 000 feet. This gives 
an average rise of 1 iu 40, or an inclinatiou of about Ijo. On the road 
specimens of lava were gathered at designated points in order to form 
a basis for estimating tlie average density of the rocks of the island. 
The route taken, an well as the points from which specimens were 
obtained, is shown in ilhiatratioii No. 31. Kalaieha is situated on the 
llumuula ranch, which contains 237 000 acres, including a part of 
Itamakua. The tract runs down to the sea on the windward side and 
extends from the suramit of Mauna Loa on the south to Mauua Kea on 
tlie north. At its widest region it ia 20 miles broad. Its longest 
dimension is about 45 miles. On July 13 the stations were located and 
tlie tents and instruments put in position, and on tlie following day 
work was begun. The pendulum receiver was mounted o» a large rock 
^ibont 100 feet west of the house farthest to the west, and the latitude 
|)i6r was within 2 or 3 feet of the pendulum in a southeast direction. 
The magnetic station was 200 feet due north of the pendulum. A gen- 
eral view of Kalaieba is shown in illustration No. 32. Tlic prominent 
licaks along the path to the summit are identified by rectangular coor- 
I (liuates. 
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The iinpi>rtanfc points on this mountain are to be found in illaStratiou 
No. 32 at the intersection of vertical and horizontal lines, as follows: 
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Geodetic po/iUion of Kalaieha Latitude Station. 






Geodetic % Uuiaokoili to north base = 288° 00' 40" 

Distance from " " " " log (feet) =4-0977463 

" " " " " ■' log (metres) = 3-6817786 

Geodetic L Gmaokoili from Aahuwela = 19 43 13'63 

AL = — 00 38-40 

" // north base = 19 43 36-23 



Geodetic M Gmaokoili from Aahuwela = 155 27 56-94 

AM = _ 03 04-68 

" ^' "orth base = 155 25 68-26 
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Qeocletic:?Ea1aieha,i)ortb base to latitude Station := 28° fi6' 
Distance " ' " " " = 202-5 feet 



Geodetic L iiortb base = 19 42 35-2:! 

dL z=- 00 l-7« 

Geodetic latitude of latitude stiitioa = 19 42 ■'!3'4T 

Geodetic U nortli base = 156 25 52-26 

AM = + 00 1-02 

Geodetic longitude of latitude station = 155 25 53"28 

The above position of Omaokoili depends on the correctness of a 
short base measured neav Aabuwela and a chain of six triangles care- 
fliUy measured. The error probably does not exceed 0"*20. 
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PeHdutamobierrations, Kalaieha, Bawaiiao latands. 
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Seduclioa of prndHhim obacrvaliona, Ealaiehn, Bawaiiau hlaiidt. 
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The latitude observations at tliis station were made with great 
difficulty. During the entire stay not more tlian four pairs coukl be 
obtained. Tlie evenings were jilways eitlier foggy or rainy, and as the 
teles(W|»G was mounted in the open air, it was often necessary to lift it 
from the Ys and take it inside the tent to be dried. The latitude waa 
ahvayn made to give way for tlie time observations, as these wore 
uereasaryfortlie success of the gravity work, which was the real objec- 
tive point of the trip. 
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WAIAIT. 

The instruments were dismounted at Kalaielia on July 18 and packed 
for the final ascent. The distance to the summit, in an air line, is about 
7 miles, and the differeiico of elevation about 7 000 feet. The path, how- 
ever, was about 13 miles in length, and Waiau is 700 feet below the 
summit, so that the average rate of rise wasl in 11, or an angle of about 
5^o. The amount of material to be transporteil to the top of tlie moun- 
tain was very great. Besides the astronomical, gravity, and magnetic 
instruments, and the provisions required to maintain the party on the 
summit long enough to complete the work, it was necessary to carry 
fuel, tents, and blankets, and enough cement to build a pier for the 
meridian telescope. The whole outfit was.paeked on 11 mules, an<I tlie 
party consisted of 11 persona, including 3 packers. Everything being 
in readiness, a start was made on the jnoniing of July 19. Before get- 
ting well under way, however, a fog set in. Some of the pack animals 
became difSctUt to manage, and soon it was noticed tliat the mule carry- 
ing the magnetic instruments, probably the most delicate ones of the 
outfit, was missing. A halt was made and eight of the party starte*! 
in search, but as tiie fog was now dense, our efforts were of no avail. 
After a couple of liouis of delay it was decided to abandon the journey 
for theday. We all returned to Kalaieba, the animals were unpacked, 
and the day given up to bunting the lost instruments. The mule was 
found about 3 p. m. at the foot of the OmaoJcoili hills, Nome 3 miles 
distant. 

On the following day we again set out at 7.40 a. m. At 11.40 a stop 
was made for luiich. The route passed between Lepe a Moa on tlie left 
and Kole on the right, and we now found ourselves at an altitude of 
about 10 000 feet. Oontbiuing in the direction of Keonehebee, and 
climbing this cinder cone in a northeast direction (see illustration No. 
34), we arrived at the plateau level at 2 p. m. The elevation of this 
point is 11 600 feet. The mamame trees were not seen above 10 000 
feet, and the raillardia, the only remaining sign of vegetation, disap- 
peared at 11 600 feet. From tliis point on, the path was over an 
unbroken landscape of lava. Some interesting pyramids of stone, 
built to commemorate Queen Emma's visit, were seen on tlie edge of 
the plateau, and at an elevatitm of 12 000 feet was found Keanakakoi, 
a famous quarry opened by the natives many centuries ago for the 
manufacture of battle axes. At an elevation of nearly 13 000 feet, 
near Lilinoe, a burying ground was found, where the ancient chiefs 
were laid to rest in the red volcanic sand. Before reaching the plateau 
the animals suffered considerably from the rarity of the atmosphere. 
On the flank of Keonehehee it was with great difficulty that they were 
driven — with tongues out and sinking ankle deep in the soft scoria 
at every step, they prcsente*! a pitiable picture indeed and seemed 
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utterly regurdless of tlie ilrivers' urging, wlietber with noise or whip. 
Altliitiigh !ieavily hideii, they repeatedly lay down, profitiiig liy even a 
lew minutes, when unobserved, to snatch a few moments' rest. Some 
were unable to reach the destination and had to be unloaded three- 
quarters of a mile fiom Waiau and turned loose to descend to the plains 
below. Tlieir IoiuIm were repacked on stronger mules, which were sent 
back from the summit. The endurance of these mountain animals is 
remarkable. On the leeward aide of the island, where it seldom rains, 
it is a cotninun occurrence for them to pass eight days without water, 
and CiiRes are on record where two weeks have elapsed between drink- 
ing times. Our camp was estiiblished on tlie banks of the lake known 
iiH Waiau. |Sce Frontispiece.} This is a body <:f water tbrmed by the 
melting snow imd gjitlicred from the sides of an extinct crater. It is 
one of the highest bodies of water in the world, being at an elevation 
of over la 000 feet. At 4 p. in. the baggage was all at tlie station and 
the animals were sentback to Kalaieha, as there is no provender within 
many miles of the place. 

The lioiliiig point of water on the summit (illustration No. 35) is about 
180° F. The iniiges of tcmL>erature during our stay were from 13° F. 
at night to 108^ F. in the daytime, the thermometer having the same 
]iositioii at both timcN. The barometer stood at 18-30 inches at 54° F. 
We found the trade winds blowing at tlie summit, although the anti- 
tnules are supposed by some to apiwar much below 14 000 feet eleva- 
tion. The atmosphere was very clear. Many stars were observed 
before sundown with a Riiiiill telescope. We had, of course, ice every 
night on tlic lake. With such extreme ratiges of temperature there 
was much disi-omfort. Sleeping cots were not taken, as It was entirely 
too cold lit night to lie off the ground. It was found necessary to make 
sleeping bags by sewing blankets together. Although for miles in every 
direction around Waiau there is an unbroken landscape of lava, and 
apparently nothing to support life, we saw spiders, buttertties, and flies 
during the stay. Anmnd Iho shores of the lake the following plants 
were found growing, although the lake itself is several thousand feet 
above the last limit of vegetation. They were submitted to President 
». C. (iilman, of the -fohns Hopkins University, wlio kindly forwarded 
the list, as follows: 

Oystopteris fragilis Bciuh. 
Trisetum glomeratum Trin. 
Poa annua I;., forma vel vaz. 
Deschampsia australis ^'ees. 

The first sijecimen was determined by Mr. John Donnell Smith, and 
the last three by Dr. George Vascy. AH the above plants were found 
growing near the same locality, at an elevation of almit 13100 feet 
above sea level. See illustration No. 35 for summit view. 
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Tlie Geodetic Position of Waiau, Latitude Station. 

Latitude of Mauna Kea (primary triaiiyulation) 19 50 01-ti3 N. 
Longitude " " " » " 155 2C lS-7fl W. 

Geodetic Z Mauna Kea to " Peak A" = 69° 20' 00" 

Distance from " " " " " log (feet) =3-0563410 

" " " " " " " log (metres) = 3-14037,'i3 

Geodetic d L from Maiiua Kea to •' Peak A" = — 15"-785 

" L- of "Peak A" = I90 49' 45"-84,'( 

Geodetic d M from Mauna Kea to " Peak A" = +44"-45G 

" M' of "Peak A" =ir.r>o 27' 03"-206 

Geodetic Z "Peak A" to Waiau latitude station = 337° 18' 45"-00 
Distaiicefrom " " " <* " " log (feet) =3-583!HH) 

" " " " " " " " log (irietrea) = 3-067932 

Geodetic dL' from "Peak A" to Waiau latitude station = — 35"'087 

" latitude of Waiau latitude station = 19° 49' 10"- 758 

GeodeticdJM' from "Peak A" to Waiau latitude station = — 15"-500 

" longitude ot Waiau latitude station = 155° 2i>' 47"-70(! 

Position of latitude station probably correct within 3 feet. 

All the above longitudes are conventional and sliould be corrected 
by adding 2' to them. The latitudes aie derived from tlie main trian- 
gulatiou. The above computation was supplied by the Government 
Survey Office in Honolulu. 
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Penduliun obtervaiiont, Waiau, Sawoiuin Island*. 

[Observora: E. D. Preslon, W. E. Wall.] 
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Btductien o/pendHlum obiiervuti«nt, IFolon, HabiaHan Jtltaidi. 

(reriodiredQctidtoleniperature.lSoC.: preBBure, 500^- at Qo C. , arc infinitely smBlli b: 
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Abstract of magnetic resulte at Waian, sammil of Mauna Kea, Haa-ai 
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ABSTBAC'I' lt¥ GRAVITY RESULTS. 
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B3 = 0-5011457 
The liitilinle of tlie staticm was dotenniiied by fifty-two 
Bixt*eii pairH of stais, as follows : 
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The geodetic positioDs of the three stations on Hawaii, as communi- 
cated by Professor Alexauder, are given in the third column following: 

LultlHdes 





The above table shows that there is a deHeotion of the plumb line 
toward the north at all three statioJis, and the deflection at Kalaieha 
appears to be much more marked than at either of the other stations. 
By reference to illustration Xo. 31 it will be seen that we should expect 
a greater deflection at Kalaieha than at either t>f the other two. The 
deflection at Ka Lae, the extreme southern i)oint of the island, appeais 
to be about 1' 29". This result is from work done by myself at this 
point in 1887 with zenith telescope No. 1, and a subsequent triangnla- 
tion by Mr. J. 9, Emersou, of the Hawaiian Government Survey, 
previous to 1891. 

FROM WAIAU TO HILO. 

The last observations were made at Waiau on the evening of July 
26. The next morning the animals arrived from Kalaieha. They were 
packed during the forenoon of the 20th, and nt 1.30 p. m. we started 
down. We reached the Huniuula ranch (Kalaieha) at 6.45 p. m., hav- 
ing stopped an hour at KeaDakakoi. On the 27th the instruments and 
baggage were all repacked. The party separated at this place, some 
going down the windward side of the mountain to Hilo, and the others 
returning to the sea over the same route taken in the ascent. This 
course was necessary because magnetic; observations were to lie car- 
ried on at Hilo, and as it ivas impossible to transport the baggage to the 
steamer on this side of the island, it was sent to Waiinea and then to 
Kawaihae. We left Kalaieha at ffa. m. on July 2Sth with a small pack 
train and a guide. The path is about 30 miles long, very rough, and 
much of the way over sharp lava. We were eupi)!ied with horseshoe- 
ing implements. This is a requisite to everyone making the trip. 
The lava is so hard and sharp that if a shoe is lost the horse's foot is 
badly cut in a few minutes, and neither iiersuasion nor force will iriduce 
him to continue the route unshod. Many carcasses were seeii along 
the road, of animals that had been killed or left to die, as there is 
nothing by the wayside to support life. Just before arriving at Hilo we 
passed through If miles of swampy woods, which consumed two hours 
in crossing. Hilo was reached at 7.30 iu the evening, after having 
spent thirteen hours in the saddle. 

The photographic plates exposed on the mountain were developed 
the next day, and on Saturday, the 30th, magnetic obswvations were 
began. 
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The station occupied was on Cocoaimt Island, about a mile and a 
lialf from the court-boUBe. This station was chosen because magnetic 
work had been done here by other observers. The fcllowlng is a sketch 
of the island, showing the location of the magnetic stat.iou and its 

position with reference to the Louse near by. 

iSlcet<^k of Moktuila {Cocoanut Island.) 
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In Deoember, 1878, Mr. C. J. Lyons found an easterly declination of 
7^ 40' at this same station. A coiriiiarisoii witli tln! above wonlil give 
an annual increase of east declination of three minutes. 

NAPOOPOO, HAWAII. 

On August 16 I left Honolulu for Kealakeakua Bay, where Captain 
Cook hart his observatory in 177)1. Arriving on tliol7tb, the observa- 
tions were begun the following day. With the aid of a map and verbal 
instructions at the Government Survey Office, in Honolulu, I was able 
to find the spot occupied by the gieat navigator, aurt the magnetic 
instruments were placed practically iu the same locality. (See illuat: a- 
tions36and37.) 

The following sketch (which is only approximately drawn to scale) 
shows the situation with reference to the Heiau; 
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The following readings were made at the magneto meter station : 



Heiau on Kalaemamo Point 35.? 06 

Pole on Kamehameha Heiaii 15 31 

I. Ei. 19, pt 2 39 
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Ab»tract ofmagnello remits lit Najiuapoa, Hawaii. 
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LAIIAINA, MAUI. 

Leaving Niipoopoo ivt 3 p. 111., ou August 22, we arrived at Lahainu 

at 7 a. 111. tlio Ibllowitig moruiiig. Observations were made on the 23d, 

24tli, and 2ritli. Tlio station cbosen was in the court-house yard, as 

shown ill the following sketch (apiiroximately) : 
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This latitude was determined in 1883 by observarioos on sixteen pairs 
of stars, -with an average of five observations on eacli pair. Tlie result 
is inserted here in order tliat the list of Hawaiian latitudes may be com- 
plete. As no special report was made on the single latitude determined 
on Maui in 1883, it lias never yet been published. The result is 
9. = 20° 52' 22"-8 

The following are the results from the separate pairs: 
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II. S. COAST AND GEODETIC 8UEVEY. 



Keturii...g to Honolulu on tlie 27th of August, preparations were 
mtule for the occupation of two stations on the Island of Kauai. The 
steamer left on tlie 30th, and I arrived at Wairaea on the following 
day. The instruments were not lauded until September 1. Ou the 2d 
observations were begun. Tiie first station was made near the old 
Transit of Venus station, occupied by the English party in 1874, and 
reoecupied by myself in 1SS7 while determining astronomical latitudes 
for the Hawaiian (lovi'DimeTit. The following sketch explains distances 
and bearings: 
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REPORT FOB 1893 — PART I[. 
AbslraBtofmagiwlic results at Waimm, " A," Kauai. 
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DECLINATION, DII', AND INTENSITT. 
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WAIMBA "U." 

As it was feared tliat local attraction miglit have influenced tlie woik 
at the preceding station, a second station was made at Thornycroft. 
This station was designated as Waimea " b," and is situated nearer 
tlie sea, on a level piece of land, with no rocks in the immediate neigh- 
borhood. It is on what is known as the Howell property and is about 
one-eighthofamile west of the house. Tlje station is 1 015 feet north 
and 2 828 feet west of the Transit of Venus pier. This is taken from a 
large scale map made by Mr. William Rowell, and is correct within 
a few feet. The following sketch shows tlie relative positions: 
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U. 8. COAST AND GEODETIC SURVEY. 

Abstract of magnetic resulla at Waitaea "B," Kanai 
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DECLINATION. DIP, AND IHTENSITY. 
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NONOPAPA, NIIHAU. 

It waB originally Intended to close the season's work witn me stations 
on Eauai, but as it was necessary to wait several days for the return 
steamer, the time was utilized by going to Niifaau and getting a few 
observations on this island. It is the most western one of the Hawaiian 
group, and is rarely visited. Our magnetic observations are undoubt- 
edly the only ones ever made on the island, and it was fortunate that 
the occasion preseuted itself for even one day's work. The conditions, 
however, were not very favorable. During the entire stay the wind 
blew violently, which precluded the i)ossibility of determining the axis 
of the magnet and made all the observations extremely difficult. The 
station occupied was .150 feet distant from the large crane at the land- 
ing. The direction from the cruue to the magnetic station was south 
18° east. 
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Abstract of magvetia resiilli at Xonopapa, .Viiiou. 
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MOUNT HAMILTOK, LICK OBSEEVATOEV, CALIFORNIA. 

Leaving Honolulu at noon on September li, we arrived at San Fran. 
ciBco at 1 p. m on the 2l8t. Passing the instriunents tliroiigli the eU8- 
tom-liouse and repairing tlie air chamber of the pendulum npparatns 
consumed several days, and on the 20th I loft for the Lick Oliscrvatory 
in order to connect this station with the work done outside of the 
United States. Moreover, this station had been occupied several times 
tor the determination of the force of gravity, both with the long null 
short pendulums, and it was desirable to chock this work as well as 
to swing the pendulums used in the Hawaiian Islands under excep- 
tionally favorable conditions as regards temperature and clock correc- 
tions. Observations were ma<le on September 28, 20, and 30. The 
work was much t.ujilltated by the kindness .>f the director. Professor 
Holden, a separate time correction being made by Mr. IJampbell for 
our use. 
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U. S. COAST AND GEODETIC SURVEY. 

I'fiidulam observatioHS, Moani Hamilton, California 

[Observer: E. 15. Pcoatoii,] 
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11: No. 1 rejeeted Ijy ubserver. 
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Redaction of pendnlnm ohsemalioua, Mounl Haiuiltun, Califiirnia. 
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618 U. S. COAST AND GEODETIC SURVEY. 

BABOMETKIC DETERMINATION OP THE HEIGHTS OF WAOTEA, 
KALAIETIA, AND WAIAU. 

Meteorological observations were made during the month of July as 
a check on the heights determined trigonometrically. A barometer 
was read at Hilo, near the sea level, on the windward side of the island, 
siinnltaneously with similar observations at the three stations men- 
tioned above. In addition to this, Prof. A. B. Lyons, of Oahu College, 
made readings at Waimea, from July 18 to July 27, which furnish 
indepeudent values for the elevations sought. The observations were 
made at 9 a. m., 3 p. lu., and 9 p. m. At Waimea the station occupied 
by myself was not identical with that of Professor Lyons, so there is 
no check on the resnlt for this place; but by combining the Waimea 
observations with the continuous ones at Hilo, and with those made on 
the mountain during its occupancy, two very concordant independent 
values are obtained for Kalaieha and Waiau. Barometer Green No. 
3380 was carried to the summit, and No. 3353, also by Green, was used 
by Brofessor Lyons. An intercomparison of all the instruments used 
showed an agreement within one hundredth of an inch in the readings 
when under the same conditions. The station occupied by myself at 
Waimea was Mr. W. L. Vredenburg's house. Professor Lyons observed 
at the "Lyons Mansion," which is presumably about 50 feet higher. 
At Kalaieha the readings were made at the northwestern cottage, 
about 100 feet east of the pendulum station, and approximately on the 
same level. 

The barometer was hung in the tent at Waiau and was 3 feet higher 
than the surface of the lake. The Ililo observations were made some 
distance from the sea, and the elevation of the station is given as 100 
feet, although I believe this is only an estimated value. The reduc- 
tions were made by means of the Smithsonian Meteorological Tables 
(edition of 1893) aiul gave the following results: 
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REPORT FOR 1893 — PART TI. 
From tlieabovp- table we dCTivo.tlip elevations iibovo Tlilo ; 
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The tri angulation made by Professor Alexander (based <m tlie eleva- 
tion of Mauna Kea priiiiary trigonomctrieal station) gave the following 
results : 
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U. 8. COAST AND GEODETIC SURVEY. 



The following tables give a smumary of the results for the entire 
jeason'a worfc: 
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tract ofreitHllg o/mai/veUc dip ohafrralio 
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. COAST AND GEODETIC BUKVEY. 
Summarif n/ magnetic dip. 
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EEPOKT FOR 1K93 — PAUT II. 
Abelract of magnetic harwonlat inlciiail^ obgereatioun. 
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U. S. COAST AND GEODETIC SUKYEY. 

Secapilulalion o/reaulla of magnetic obaervaliotii. 





L=tit«d« 


Longitude 


D^te, 


Declina- 


DifN.end 


Horl- 


ToUlin 




(north). 


Gteenivieh) 






horiion. 


,nt=nsity. 


t-nslty. 






= / 




= / 


= / 


Dyne. 


Dyne. 






'57 497 


Aug. 11-13 


10 05-2 


39 55 -5 


o-2r,8T 


0-3887 








Nov.zS-27 


10 147 




o-Z9,8 










June 2-4. 


10 .6-3 










zo 02 -4 


155 47-6 


July .-3 


9 zo-6 


38 .1-2 


o'3oiz 


0-3832 


Waimea (west 

baie) 
Waimea (Lyons, 




155 37-9 


8 


8 50-0 


38410 


02966 


0-3799 


zo OZ-D 








38 z8o OZ982 




















Kakieha, Hawaii 


19 43-6 


155 25-9 


14-16 


9 52-6 


38 4r8 


0-29S4 




Waiau (summit 




15s 26-S 




























Hilo, Hawaii 


19 44-0 


155 04-0 




S 2Z'4 




O'^ObZ 




Napoopoo, Ha- 


19 29'0 


'55 59-0 




9 o8-i 


37 35 ■» 


0-3024 


03819 


Lahaina, Maui 




r5(5 40-9 




9 08-9 






0-3865 




21 5;.Q 


'59 12-0 


Sept. z-3 


10 03s 


40 zo-2 




03753 




zi 572 


159 42-4 


5-7 




40 Z27 


OZ931 


0-3848 




21 5S-0 


.60 .30 


9 


.....4 


40 38-5 


0-Z9Z8 


0-3859 



The geogiaphical posUii 



■e given only approximately. That of Nonopapa is uncertain. 



The localities, geographical positious, and elevations of the gravity 
stations in order of their latitude are as follows: 



SlBtiun. 


l.ooaLily. 1 I.atiiude. 


Longtiude. 


.,....„. 


Elevation. 


WashitiRlon 


Smithsonian insti- 


3°S 53 20 


77 oi 35 


Metres. 


Feel. 
34 


Washingtoi. 


C. ami G. Survey 

Office 
Lick Observaloty 
Kapuaiwa Huilding 
J. F. lirown's 
S. I'arker-s 
Waiau 
Hiunuula 


38 53 13 


77 00 31 


■4 


45 


Mount Hamilton 

Honolulu 

Waikiki 

Mauna Kea 
Kalaieha 


37 WJ«5 
21 13 03 

21 16 25 
ZO 02 25 
19 49 11 

19 42 33 


121 38 35 
157 5' 46 
157 50 01 
155 49 36 
155 28 48 
155 27 53 


1283 
6 
3 

398" 
2030 


4205 

8 
6660 
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The followiug tables give a summary of results for each iieiidulum 
and the comparative force of gravity for each station : 
Sumviai't/ of resuUa. 







Pendul«n,s. 




Different 


s(insev.» 


hde.™^ 


Ststior. 














B. 


B, 


11. 


n,-n, 


B.-B. 


11,-Bi 




Stconds. 


S.c«uis 


S^«,n(is. 






Washington* 


0-500 7828 






+866 


+637 






1087. 


10015 


09m 


+856 


+638 


+ >494 


Waikiki (V)! 


10823 


09998 


















f877 


-f6oo 










09622 




+665 




Kalaieha 


I 1946 


I 1067 


10451 


+ 879 


+616 


+ '495 


Waiau 




IZZ64 






+ 807 








08096 




+830 






Washington II 


07794 


06950 


06313 


+844 


+637 


+ 1481 



fJuoe3S,i7.and»8,.E9,. 


( Coast STldCi 


odcii 


Sir^cy Uffi 


e,i88.. 


s.... 


Me»n period. 


Relallv* |)erio<is. 


Relative (orcenf 


Dyna. 




Seconds. 








0-500 7026 








980- too 


Waikiki ('91) 


0501 0088 






998 776 


978-902 


Waikiki (■92) 




1000604 




998 792 


978917 






1000596 




598 S08 


978933 


Kawaihae 


o'SOi 03S5 


1000665 




998 670 




KalaieiiEi 




I '000 8^5 




998 350 












997909 




Mounl Hamilton 


o'500 S1S6 


1-000232 


0'999 536 


979646 



The pendulum observations made ou the Island of Ilawaii enable us 
to calculate the meau density of Mauiia Kea from an assumed viilue for 
the earth's meau density; or, accepting a density of the mountain 
derived from a study of the rocks, we may reverse tlie problem and 
obtain a value of the mean density of the earth. An attempt will uow 
be made to utilize the preceding results in both of these ways. 

THE DENSITY UF MAUNA KEA AND TUB MEAN DENSITY OF THE 

EARTH. 
The formula usually employed hi the treatment of the change of the 
force of gravity with elevation is: 

" ■■- (1) 



7- " rV i^J 



where g = the force of gravity at the sea level, 
h ~ the elevation, 
r = the radius of the earth, 

6 = the density of the mountain or tablo-land, and 
A = the meau deusity of the earth. 
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This foimula is derived by combiiiiiig tlie earth attraction, varyiug 
inversely as ttie square of the distance, with the attraction of tlic mat- 
ter lying between the sea level and the upper station. Certain sup- 
positions are made in regard io the form of tliia exterior matter and it 
has been generally considered a sufficient approximation to regard all 
the matter aa equivalent to that contained in a plain of infinite extent 
and of a thickness equal to the elevation (ft). Whether this supposition 
is admissible depends, of course, on the relatii>u between vertical and 
horizontal diineasions of the intervening mass. If we suppoj^e tliis to 
beof a conical form, the above term depending on the attraction of the 
plain must receive the correction 

3 rJ /,, 

wliere (rt) is tlie rtuliuw of tlie liaMC. 

Tliis expression reduces to zero for an inliiiice value ol' («) in whieli 
we have the ]»r«vious case of an iiiAiute plain. For « = « the entire 
efifect of tlie intervening matter disapv)ears, as it should do in the hir- 
inulii. The oxpresston for tbe differential of gravity at the summit of 
a conical mountain would therefore be: 

where (ft) i.s the semivertical angle of the mountain. When («) is very 
large, compared with {h), the correction for a paraboloid is g and tliat 
for a sphere is ^ that given above.* Since from the nature of tlie case 

[h) is always smaller than [a), the quantity -p---=. ^ is never equal to 

unity, and the total effect of the last two terms must be essentially 
positive, and we have a greater value for gravity in tlie csise of the 
cylinder than foi' the paraboloid, and a greater one for the paraboloid 




than for the cone. In tlie liguic, gravity at [(j) wonJil Im diminished 
by passing to {/') (if no intervening matter existed} by 



7 = conectiou for distiince. 

• Heimert, p. 172, 11 'fliuil. 
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If we irittriKwc Ihe mtiiiite pltiii, (abed), gntvify all!') will Iw 
iiicre^ecl by 

2A 3 (J 

"r^4" A~ <><»Teetioii i'or pljiin. 

Since ((f) is always less tbim (A ), the combiia'd cH'cet i.r tlu's.^ two 
terms will be essentially negative. The diflereucc behvoeii the ,-i]WAs 
of the i)laiu and the coue is seen in tlie last ttTui, and the totjil iuflnon™ 
exerted by matter equal in volauic and positimi to tliat ;r('ii.TiUc(l hy 
the revolution of the traiiczoid (a /' s -I) aiouiid (/• (J) would hi;; 

_2//. 3 5 /( 

r <U i Vl,^ + .,' 

Since («) is always very nincli jireati-i- than {h], Ihv .■\|)ivssi..(i 
k 
7a^ 4- «^ '^ "' *"""" *''''*^'^'""> i""l f'e eoinbineil effect nf t!ic hist two 
terras will be of the same sign as the first <,ne <if I hem; tliat is, tiidr 
effect will be essentially i>ositive. This is as it shonld be, and siiows 
that the effect of this matter is to increiise H:i'iivily al {J'), wliciras the 
ctt'ecfcof the first two terinw would nw^esHarily be lo diminish K'-avily 
at the same point, oxceiit in tiie extraordinary case where the iiilinite 
plain sJiould be one-tliird us heavy attain as the average earth iiiatier. 
A uniform density of TvlU in an iiitiiLitc plain inm-edialely iimler the 
station would exactly counterbalance tiio ilimiuntion of gravity ou 
account of distance. The negative MJgn attributed to the last t«riii 
must not be interpreted as meaning that tlie actual elfect of lliis matter 
is to diminish the value of gravity at (/'). It rather means that, tlm 
general effect of the plain Iieing to increasi^ gravity at ( /'), the inliucmie 
of {al's d) conies iu here as expressing tlie dilfereiicc between the 
effects of the plain and coilc, aud thiir, 1lie ]>\:uii eilcct nnist be ilinjin- 

ished by Y ^- ,,., - ., in oi'der to get the cone ellect. In fai'l, llic 
parenthetical part of the a(;tiial plMiu i-lfcct lj((ing 4-'' '' , and Ihat 
of the voluTue ((S /' N rf) ''ciiig +' , , ,., Iheir drtli-reiicc, or 

+ J £_ J "-,-,- -- , KivestheiU',tualettectforthecohensevi.rcssed 

in (2). For a mountain 2-5 miles high and having ii riMiins of biwe 

equal to 30 miles -, - .^ = j., (nearly) ; so that it makes an cMseiititil 

difference whether we treat the mountain matter as a cone or iis » 
plaiii. In this case the effect is changed by its onc-twcifth i»art. 

The formula ^ = — "- ( 1 - j -^ ) has long been known as Young's 

Eule, although it first appeared in 1749, in Bouguer's work, "La Figure 
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(le la Torru." ]lo makes tlie assumption that A = 3 5, from wliicU the 
total (limiuutioii of gravity on account of distance and mass would be 

1 -. This correction has continually been applied in the treatment of 
mountains and tablelands by most modern observers. There has beeu 
some question whether this formula is the proper one to use, or whether, 
iudecd, any correction at all should be made for contineutal attraction. 
It has beeu aasumed that the whole cone of matter (P s *} might be 
brought down by compression to the line (d c) without materially alter- 
ing the shape of the sea level. That is to say, that the vertical attrac- 
tion at the jjoint (P) before compression is approximately equal to that 
iifter comiiression. In other words, the interveuing matter has no effect. 
This assumption has evidently been made iu view of the earlier mcaa- 
uremeuta of the force of gTa\'ity, which seemed to show a very small 
density tor mountains. Two notable cases of this are, first, tlie Andes,* 
which appear to bo not much heavier than ice, and the Islaud of Ascen- 
sion, whore the observed tbrce of gravity at the sea level was actually 
less than that at the ttummit of Green Mouutaiii,f indicating that the 
downward attraction of all the ma.tter above the sea level was insig- 
itiflcant. These remarkable results have not always been confirmed by 
later observers, and lecent worlc calls for a different interpretation of the 
effect of this inatter. The condensation theory proposetl by Professor 
Ileliuert, in his "Die Matheinatischeu und physikalischen Theotieen 
der holiereu Geodiisie," makes it possible to treat pendulum observations 
in a way more consistent with tlic results of modem observations, and 
by 80 doing to derive a much more trustworthy value for the earth's 
cllipticity. Just how particular forms modify tlie density deduced for 
the mass lying between the sea level and the upper station is shown by 
the following table, which has been calculated for Kalaieha, at an ele- 
vation of C«0 feet. The mean density of the eartli is assumed as 5-67. 
The diminution of gravity in passing from Kawaihae (elevation 8 feet) 
to Kalaieha is 0-0(10 320 g {g being the value at the sea level). 

fiipr, Paris, ITJO, p. 362. 
ty, Vol. vn, p. CO. 
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It ia seen that beyond 3(1 niiloa the eiVnit of ;iii in 
Is comparatively iiifligTiiftcantjiind tliat jiiiyimsHrlilf^ c- 
of the matter after this limit is rom-licil cjiii not orsim 
resulting density. The cone and the iiiliiirle iiliiin hi 
cases between which all other forms iiill, it in wortli ' 
these two in 1-heir eflect on the twee of gravity for Hi 
under consideration. The elevation of thepeiidnlmn 
near the summit of Manna Kea, is i;UH»l H'tt. Tiie i 
erally gradual in its asMiit, mid if we assnnic :!ll miir 

the base, wc liave ^^ = ..^^^ = "•<►«- 1 = ,^,- 

Withont stopinntf to iiiqnire for tlnu'"'^<'iif' "''"'f 
gives a density for tlie mountain Avhirli is ahsijliilfl 
sake of comparing Miinnii Kca witli othci- nmuiiliiin 
mnia is perliaps not necessary. If "^ I'luisidor t 
between Waian and the si^a hivel as an mlinite plain, 
in otlier eases, we an-ive at tln^ equation: 



s thf radius of 



Inr Hir 



Taking the matter as 
miles, we get: 



wnf.of helKlit;!'!: 
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AMSiimin^ ^ = 5-5S (Harkiiess), ice have 

for infinite plain 6 = 2-99 

for coue 6 = 3-26 

Eitlicr rtf tlifise values is much greater than haa nsuiilly been found for 
other mountains, and tlie letter one is greater than any of the rocks 
found on the surface. An extensive collection of these rocks was made 
at different elevations, beginning at Kawailiae, on the leeward side, 
passing to the enmniit, and finally ending at Hilo, on the windward side. 
In all, 26 specimens were obtained. They have been carefully studied 
by Prof. (leorge P. Merrill, curator of lithology at the Smithsonian 
Institution, who has kindly furnished the following description. The 
liointa from which they were obtained are indicated in illustration No. 
31. Only 18 determinations of si>ecific gravity were made, as this 
number of specimens seemed to inelndc all the distinct types in the 
collection. 



As was t.lic <;ase iviHi simples mibmrtteil by joii in 1888," and its waHtobn expected 
from papcrB by llnna and citbnrst on tLu rocka iif tlinee isliinils, tbe samples ore all 
basaltic la vax, ilJffor'n|i;(inlyin<loKrpesefcryBtallizatinn,G[>inp»ctn(Hui, andtliomnonnt 
nf deconi|>oaitinn thi^y buvo niiilBrgone since tlinir eictritHiiiii. Tliii o^senti il coiistit 
iients of nil these roulca urn bnHJe plaKloclase folcl8[)arH, iiugites, (ilivmi«, nnil griiina 
of magnetic iroi), together with Hpnrailic miernscopio apatites, titanio iioii, iron 
pyrites, anil tlie varions ineipient forms of orystnlli station to which the rnn^ontent 
iiameof trichitcH may be applied. A residual itlawt, duo to imperfect eryshillizatiOD, 
is to lie observed in greater or less abnmlance in iL<:arly all eases. Iho mieroscopie 
eh nr.'V.teri sties of tlieso roeks and their constrtneut iniiicntlH haio b<.en so veil 
dcRCrllicd by tlio above-mentioned writer that little ruriiaiiis to bo done Iirri' lint to 
call attention to such i>f tlioir peenliarities i\» have a direct buiirin); upon the mibject 
in hand. All stages of erystallb.ation are to 1)0 fonnd in the nainples snbinittcd, 
fi:onl those consisting almost wholly of glass (specimens 1) iind 13), through forms 
earryiug sharply niigiilat or beantifully dendritic crystalli/ations of feldspar, angite, 
andoliviiioin a glassy base (Hpocimen 14), to those almost wholly crystalliue, exhib- 
iting only here and there small interstitial ureas of more or less dnvitritled glass 
(specimens 1, 2, 18, 23, etc.). A like rariation is fotinil in other physical properties, 
samples from varions sources showing; all gradations from highly vcsicnlar (pumioe- 
onn) forma (speeimens No, 7, 11, 13, 28, 31, 33), so light in some eases as to almost 
float on water, to compact glassy or crystalline varieties showing in the mass a specific 
gravity as high as 3'Oa (s]>ecinion 2). The following notes on a few characteristic 
specimens will servo to show the general character of the rocks. The specific gravi- 
ties given were made upon powdered material in picnometer flasks: 

No. 1. A dark blue-gray rock, weathering brownish, only slightly vesicular, and 
showing no crystalline secretions anificiently developed to be visible to the unaided 
eye. In tbe tliin section it shows an abundance of lath-shaped plagioclases, thickly 
crowded together; numoinus impoTfectly ontlined block and opaline areas, assumed 
to be altered angites, and an occasional yellowish-red, l>a<11y altered olivine. The 
ground mass is full of black opoqne matter and brownish decom|)osition products. 
Spec i tie gravity, 2 '82, 

•SeoApp. nth Rept, TT. S. Coast and Geodetic Survey for 1888, p. 520. 
I See Characteristics of Volcanoes, by .1, D, Dana, pn, .tlS-SM. 
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No. 2, A compapt (liirk-gray fiick, willi orcnsioii^il siii;iU \ •■n'u li'smul slmwhif; iilic- 
nocryata of felilaiHir anil oi'cas ion ally niigite of stu-ii m/.i- :is In W vjsiMr> in t|m 
naked eye. lu tlio tliiii acctUni abiiniliiiit linBnltic mif'ili's in iin'^jiiUiir [;r:iiiiihir 
forms, interapersed wilh Intli-aliajied p]ngii>c]»Rc8, form tli« chief chiiriu'toriiili™. 
Tliero is tlio usual apriwkling of granules of iron nre, imd iiii oecmioniil riitliiT smaW, 
rounded bleb of olivine. The augites and plngioclanpB ni'riir in trj'stiils aC two cim- 
erntione. Tlie amountof int«ral;itiiil(>;]nHBiapi'0)>ortioiiHt1v hiiniII. Spocilicj^ravity, 
3-08. 

No. 5. A dark-gray vesicnlav roci:, iveatln'riitf; brnwiiisb. :iiid firtitninbij- :i (■•iin- 
parativoly large amount of iron pyritii. In tli<' wcli<iii ii ilunso l>;iao <•( ir-ni nrr^s iitnl 
small angitee and plagioclaafiS, witli an abnnibiiit sjirinkliiit; cf .■(ii;;i(i', nlK iiii>, and 
plngioclnae pkenoerystrt. Spooilic gravity, 2'!l. 

No. 7. A finely voaienlar, almost pnmicumis, iir^irly bl^n k n"l.. ivillmui niapin- 
acopie coustitnonts. In tbo section adunso and vfiy ii|i;u|iio. )iar1i;ill.i dc'\ iliitii'd, 
gla»sy bnae, carrying scilttoring pheniieryat.n of )ibii;iocl!isi\ nlivinc, ;in<I iiiiaitc. 

No. 9. Afmelyveaioular, nearly lilai'kroek,witii only iin oii-aKinnal firain nl[iyriln 
tecogninalilo by the unaided eye. Umlw tlio micrnsi'oim lilni 7, but witli rmly fidil- 
apar phonocryHts. Speeific gravity, 2'7!>. 

Ho. 10. A compact, finely vi'siiinlnr, i;ear!y hlark rnck. w illinnt niii< rnsmiilc, rnii- 

Btitiinnts. Under the microsfopo a dnme, iilmnst ni.inini' iit< d mass, -in" ,li-.I ftdl 

of grannies of iron ol-o and latii-Hbapcd iilagiocbisi'fl. Ni'itliiT ^uiKiti's nnr oliviiu'H 
seen in the single section exnminwl. Siiccilie giuvity, U-Tll. 

No. 12. A dark-gray, Doarl.v black, ilnely vehicular rork.ivillioni marriw™]iii! noii- 
atitnents. Under tlio niierosi-ope aSiown niily Hinall IVblHii^ir iiiic-r.iliti>.H In a grninid 
mass consisting of dark, emoky, bmivii ubifa and ininim. ndilo blmk nii.n|ii.> uran- 
ulos of iron ore. lletuwn evosMd ni.'olH arc si-.-k .,.-.iisinn:il brillj.mll.y ].i)^iri/,ini; 
particles, evidently olivine and angite, bnt Ino Mii;ili ^inil iiii|M-tiiT I l.ir Jiliwiliile 
deterniinutinn. 

No. 14, In niacroacopie cbarnotcrs likn tbe liiat, bat a Irlllii mnio \™iiiil:(r. and 
with more vitronns luster; weathers brown. I'Ti.bT tbri jiiicroM ■.].!. ii yi'llnw bionii 
glOJtB, tliickly Btnddrd witli clear, ioIovIhsh, "liai(>I.V onl liacd ldiis;inrlasi'«, nlivinrH, 
and iron oxides, Speidllo gravity, a-7:i. 

No, 10. A fninpaot, dark bine-gray rook, without ma'Tuwoiin- iotisnhK'nls, utid 
showing in tho sections nndcra pow.-r of 1«) dlainntem a very 'h^u-- i:nnin.l lu^i-. in 
tlieformof»microj;ninnlarajfl?rcgiitnnf minute (tri'in»'>r iiMtrn.'ln- ivmi ■..n.\ nearly 
colorless silicates, l.eariiig rarely Hi^catly ebin^-atc! plairioi'la-xr'., I Ji- nnn "T<- ih ho 
prominent a conatitnent that piecea ol" ()'li;l cram «-.jj;bl were lakni ny lij an r>nli- 
nary borseshoo magnet. A rough aiiHlysiH .\ii'ldeil— 



Speciilc gravity in bulk, 2'n;): ia powdr-r, \i'l'~. ■ i ■ f iv ninr..M'r>iii. 

No. 17. Dark gray, lu'arly '•'■"''■ '■"•'"«■'>" '.'',1' ' ''^^;/*,'',,',,'!,,„'|'Vr'','r'inl.'alilln- 
allVtnos. In tlie aertion a blaik,Mii"l<y f;bl^;s, ii '• """ '^^'^^^,' ^^^^^,^^^l_^ Si.i'cdb' 
dant plagioclases in all atJigexnf development am luore J.iri y 

gravity, 213. <,„...in„„| «,n.ll Heavip. face of a feld- 

No. IK, Compact, dark gray, will' ""'» '^" nerai'iomu ^ i;„\,r tbn iiiiKni- 

spar sufficiently devoloped for ibTfnaiuatinii by I «- nii.iii ■• e\r .^^^ 
scope a normal biisalt, almost iKilocryBlalliae. spwifn i;i.'>i ,. 
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No. 19. A bron-nisb-rcd, vcBiciilar, Homowhat vitrooiiH roek, uliowing under the 
talcroscopo a reil niicl very opanuo glassy liase witii niiuierous plagioclasos. 

No. 21). A bruwiiisb vesicular roek, showing under the microscope charncters very 
eiinilar tu the last. 

No. 23. A compatt hlaok ii'ck, without macroscopic constituents. In the section 
a hrown-lilack glass, injected with irou oxides and beal'tng cumecouH plagioclases 
and small colorless olivines, Augites (luito inconspicuous. Specific gravity, 2'8. 

No. 24. A close-grained dark-gray rock, showing to the naked eye only minute 
elongated white specks suggestive of feldspars. Under the microscope like 33. 

D. A nearly hlaek, highly vesicular rock, with freq^uent inclosures of Jiyrlte. 
Under the microscope a yellow-htown glass with oecasion-il large and small oliviues 
and more numerous feltlspars. Specific gravity, 2'S8. 

In connection with tho above the following remarks may l>o of interest. It is a 
commonly accepted principle among petrologiats that, the composition of the magma 
being the same, the physical properties of any ernptive rock are largely controlled 
by the conditions of cooling and crystallization, rapid cooling being conducive to 
the production of glassy or microcry stall iiie forma, while a more complete and, as a 
rule, coarser crystallization is developed when the cooling is more gradual. As, 
moreover, the conditions which govern the rate of cooling of a molten magma are 
mainly those of pressure ftom superincnrabent matter — material being the same — it 
becomes at once apparent that those portions of any magmawliioh are deeply buried 
will be the more highly crystalline. The vesicular ity and conMequent speciiio gravity 
(in hulk) of a lava is t« a certain extent controlled by similar conditions, sinco this 
vesicularity is duo to the expansion of moisture in tho magma; hence the amount of 
moisture being the same, tho superficial portions will he the more highly vesicular. 

Further, it has been shown, the magma being the same, the glassy varieties of any 
rock are less dense than those which are crystalline. The variations ara usually 
slight, but, as given in the published descriptions, are found to he from 0-1 to 0'3 
greater in the holocry stall ina than in the glassy forms." At depths greater than 
have yet been rendered accessible it is possible to conceivs of a still further conden- 
sation, due to a possible existence of the irou in a metallic state. Our knowledge 
of the physical conditions of rock masses under conditions of heat and pressure such 
as must exist at great deptlis is as yet too incomplete to afford data for anything more 
than speculation, t From what has been said above regarding the offocts of pressure 
upon the physical conditions of a rock it will appear that the deeper-lying portions 
may he relied npon to show a greater specific gravity— the magma remaining tho 
same—tban do the superficial portions. It is obvious, therefore, that determinations 
on specific gravity on the samples submitted can be regarded merely as suggestive. 
Such determinations as I have made were, with one or two exceptions, aa will be 
noticed, done hy means of a picnomotcr flask, the material being first broken into 
aniall hit4 and weighed after the exhaustion of the air by means of a pump. Tha 
results may bo regarded as in all cnsos a trifle under the true apecific gravity of the 
material, aince there la little probability that all the air included [d the pores 

* Thus, an average of 23 determination a of specific gravity of crystalline and aemi- 
cryatallinc basalt, as given in Teall's Ilritish Petrography, shows a mean of 2*86, 
with oxtremes of 2-75-3-10, while 9 determinations on haaalt glass gave a mean of 
2-71 with estromes of 2-69-2'76.-'' (Uritiah Petrography, by J. J. Harria Teall, 
London, 1888.) 

IThe presence of metallic iron in the iMisalt of Ovifak serves to illustrate the 
possiliility of occnrrence of this sort, although unfortunately we are not able to say 
definitely that this may not be a superficial phenomenon dne to a reduction of tha 
preexisting ores by carbon rather than original metallic iron from the earth's 
tat«rior. 
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KEPORT FOR 1893 — PART ir. C,A& 

a wholly roioOTed. ISctow aro tbo r.-suHa i.bliiinp.l in the iln>tli.-(l 



No, :J3, " " 170 

Tbo mean of tho preceding vnliios is 2'7. This, nrnnrdinp; tn rnifcs 
sor Merrill, m.iy bo sliglitly imdcr tim true value, A Ri»Tiiiii-Ti \'vm\ 
tlielslaud of Hawaii not included in tlie above »;(jHt'i;f!<ni ji;ivc ;i vahn' 
of 3-2, In Prof. E. S. Dana's "ContrilmtioiiH to tlii^ IVir.it;ni!.liy of 
the Sandwicli Islands," iiitlie Araericaii Journal of Sitlein'e, Jinic, l«-sn, 
tlie results of a nuinbez' of detenninatiojjsof si)ecili(: H;ravit.v iur ;rivi'ii 
from tbe same isbiiid. Seven specimens of basalt guvi', valiu's vaiyijig 
fi-om 2-82 to -l-OO (page 442). Anotlier gnmji of scv.'ri de((M'iiiiiiali<iiis 
furnisbedexaniplcsof evenlieavier lava, varying I'roin .".■)») tii:!-l!ll (iiac- 
447). If we take the mean of the above valiuis wv gvta spci'itic gi'avity 
of 2-90 for the specimens on tbe Island of Hawaii. Manna K«m tiartlhc 
form of truncated cone, so that its iifTcct on the fouw of gravity at its 
summit would be intermediate betwi-en that of a wine and an irifJTiile 
plain. As tbe difl'erence betwecTi the ratios of for the two furnis is 

only about one-twelfth of the value of either, a direct mean hefwccn 
tbem will in nil probability be a close approai-li to thf artnal t-iVvrt of 
the mountain. The .attraction of an infinite plain on a point ahovc it. 
is* entirely independentof the distanw of the point Iroiii tlic plain, and 
we have for tbe plain efiect the expi'cssion 
2 TT 6 h or \->'r,l S 
The iittractions of the earth at tbe upper station (\Vaiau) ancl llie 
lower station (Kawaihae) are, respectively, 

Ii;5Cf>-8 i and lC.^8T-(i ,.\ 
the linear unit being 1 mile throughont. 
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bd4 U. 8. COAST AND OEODETIC SURVEY. 

The forces of gravity at the two places are, when corrected for dif- 
ferenee of latitude, 

G at Waian = 078-OC7 dynes 
G at Kawaihae = 978-798 " 
The foregoing values lead ta the equation 

-0.0007470 = - il^ + j-JIJ^ 

,5 
from which r = 0-541 

If we consider the mountain as a cone with an altitude of 2-473 miles 
and radius of base (a) of 30 miles, the attraction beeomes 



2'"[i-VTTV']=»-2«»- 



and the resulting value of -r is OvlSO. 

We may therefore assume that the density of the earth is 1-77 times 
the density of the mountain, or that the 

mean density of earth = 1-77 x 2-90 = 5-13 
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636 tj. S. COAST AND GEODETIC SURVEY. 

SUMMARY. 

Hal of ilationi occU])ied (n the Hawaiian Islands, with resuiW oitained. 

1S8^- ]tlB7-1891-S, 



No. 


station. 


,.,an.. 


"tau 


on'™' 


HelEht 


...,„.. 


Liingltude. 








/ // 


/i. m. 1. 




Nonopapa 


Niiliau 


Sept., 


1892 










Waimea"!!" 


Kauai 












3 


Waiinefl"A" 




Feb. 
Mar., 


and 
1S87 




21 57 O0-8 




4 


" "A" 




Sept, 


189= 








5 


Hnnalei 




mL, 


.887 




22 .2 56-s 




6 
7 


Kolpa 
Puuloa 


Oahu 


lai.., 






21 52 13-2 
21 19 iS'6 




S 


Kahuku 




Feb., 






21 43 o6-i 




9 
'3 


Honolulu 




N<,v., 
June. 


188; 
1893 


,0 






'5 
t6 


Waikiki 




Dec, 


1S91- 
and 
1S91 
aiiii 


to 


21 r6 24-3 
21 16 247 


10 31 is^a 


'7 


Lahaina 


Maui 


June! 


i8Si 


to 


20 52 22-8 










A.K, 


iSpz 








'9 


Haiku 






'^f' 


3S5 


20 56 02 6 






Pakaoao 




J°")°' 




9846 


2042 510 




21 


Kaupo 


" 


Jul, 

Aug., 


18K7 




20 j6 40 -8 






Hana 










20 45 38 -9 




23 


Kailua 


Hawaii 








19 38 209 




24 


Napoopoo 




A..e.', 


■892 








25 


Kawaihae 




.I"iy. 




8 


20 02 OS '9 




26 
27 


KoLala 
KaLae 




ft 


1887 




20 IS 29'3 
'8 53 S'-7 




23 






'".?' 


1 89 J 


2772 






29 


■. (west l,ase) 














30 


Waiau 








13060 


19 48 52-0 




31 










6a6o 


19 42 02 '6 




32 


Hilo 




X- 


and 
1S87 




19 43 11-2 




33 






;::.'. 


^892 
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EEPOKT FOR ISSS — I'AUI' 11. 

StlMMABY. 

IX Oixiipiediii the JlaimiiiiH [nl/tiiila, villi ri 











No. 
















D=<.lin=,i.n(e.st> 


D^,., 


llo,,i„tc., 


3 


9 46.1 
10 035 


40 3S5 
40 237 
40 202 


0'2y2H 
o-29.]i 
0'2S82 


4 








I 








7 
8 
9 


10 147 


41 257 


o-2yjS 


\[ 








'3 


10 i6-,i 


40 42-2 


OilJSl 


'5 


10 052 


39 SSS 


oJySc 


i6 








\l 


9 oS-9 


39 20-8 


0-2989 


'9 








23 

26 


9 081 
9 206 


S ?.l 


03024 
03012 


29 
30 

3' 


9 036 

8 500 

10 22 7 

9 52& 


38 =So 

38 47 -s 


0-2y82 
0-2996 

0-2.J50 

0-29S4 


32 








33 


S 22 '4 


39 23 3 


0-3062 



0-99.S SoS 


.,78-932 


o-9yS 77''> 


978 -.Kxi 


0-99S 792 


<j-!S;,U, 


o-yyS 724 


y;,S-H5o 


yyN 7yo 
oyyK 142 


,,7S-y,4 
978279 



The relative forces of gravily refer !<■ the value at li.i.- Smilbsn 
inEton. In the absolute column this is assume.l to I.e y«o-loo lij 
are the be« ones attainable from (he three exi«;dilions. 
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bob U. S. COAST ANB GKODETIC 8UKVEY. 

SUPl'LBMBNTAKY NOTE TO THE I'OBBGOING RKl'ORT, 

Siiico tlie foregoing report was written, Professor Alexander has miwle 
a comparison of the astro iiomical and geodettui latitudes on tlie three 
principal islands of tlie group. In addition to this, since tlie observed 
latitudes at Kawaihae, Hilo, and Waiau (Mauna Kea} are consistent 
with one another, tlie latter has been adopted as a standard, and a com- 
parison has bc«n made between the observed latitudes and the Mauna 
Kea standard. This brings out some interesting deflections of the 
plumb line. 

There appears to be a disturbance of more than a minute in the 
dlrectionof gravity at tlie south point of Hawaii (Ka Lae). At Kohala 
the plumb line is deflect«d half a minute toward the south, and at Ka- 
laielia nearly as much toward the nortli, the disturbance being in both 
cases toward the mountain. The enonnous deflection at Kik Lac (G7") 
is also to the northward. Tlus is evidently caused by the great mass of 
Mauna Ijoa,' wliich adds its effect to that of Mauna Kea, and, moreover, 
is comparatively near to the astronomical station. 

Oti Maui the same phenomenon appears. At Haiku there is a deflec- 
tion toward tlie soutli, and at JCanpo there is one to the north, and, as 
before, the astronomical latitude determined on the top of Haleakala 
(10 ()00 feet elevation), at Pakaoao, appears to be a normal one for that 
island. Judging hy analogy, there seems to bo no reasonable doubt 
that Oaliu would have shown tl:o same thing had a station been made 
on the summit between Kahuka iuid I'nuloa. 

The moan deliection for each of tiie islands (leaving out Ka Lae, on 
the Island of Hawaii) is: 

Hawaii 27 
Maui 29 

Oahu 36 

Wlien we come to compare the mean latitudes for each island with 
one anotlier, we find that Maui is too small, whether judged by the Ha- 
waii or the Ouhii standard. The amount is nearly the same iu either 
case, so that the most pi-obable assumption is that there is a prepon- 
derance of matter deflecting the plumb line to the northward at all the 
Maui stations. This supposition has been maile by Professor Alex- 
ander, and seems to be the most rational interpretation t>f the results. 
The following table has been furnished by him, and is inserted here 
with his permission : 

■ llvth Muuiiii Koa u,iiil MaiLuii I,oa ara nearly 14 000 feet high. 
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REl'OET FOK IHW^I'AliT H. 
Hawailaa lnliliiile« mmpareil. 



Slutioii. 


I 


„,. 


„,;„, 


""< 


Oa/ii,. 










Kahuku 


21 


43 


o6-i 


21 


Puuloa 




!9 


'5'<> 




Honolulu 






oj-5 




Waikiki 


21 


16 


24 5 


21 


Maui. 










Lalmina 


2o 


52 


22-8 


20 


1-laiku 




56 






Pakaoao 




42 


51 




Kaui«. 




36 


40-S 


20 


liana 


20 


45 


3S-y 


20 


I/o-auii. 










Kohala 


20 


15 


29 'i 


20 


Kawi-uihae 






05-9 




Mamia Ki-a 


'9 


48 


52 




Kalaiehi 


19 


42 






Hilo 


'9 


43 




19 


Kailua 


19 


3S 


20 y 


"J 


Ka Lae 


iK 


53 


SI 7 
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